0 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 






(jj) Publication number: 



0 685 931 A1 



:r EUROPEAN PATENT APPLICATION 



© Application number: 94119238.7 
<§) Date of filing: 06.12.94 



© tort. CIA H03F 1/32 



• 

<g) Priority: 31.05.94 JP 118099/94 


Kanagawa 211 (JP) 


OR (Y7 Q4 IP -f 7700ft/Q4 
&0*Uf .jl Jr I # # Ac. 11/9 4 


inventor. ivoDayasm, ruminiKo, c/o Fujitsu 




Limited 


© Date of publication of application: 


1015, Kamikodanaka, 


06.12.95 Bulletin 95/49 


Nakahara-ku 




Kawasaki-shi, 


© Designated Contracting States: 


Kanagawa 211 (JP) 


DE FR GB 


Inventor: Hasegawa, Junichi, c/o Fujitsu 


© Applicant: FUJITSU LIMITED 


Limited 


1015, Kamikodanaka, 


1015, Kamikodanaka, 


Nakahara-ku 


Nakahara-ku 


Kawasaki-shi, 


Kawasakfi-shi, 


Kanagawa 211 (JP) 


Kanagawa 211 (JP) 




© Inventor: Maruyama, Satoshi, c/o Fujitsu 


© Representative: Lehn, Werner, Dipl.-lng. et al 


Limited 


Hoffmann, Eitle & Partner, 


1015, Kamikodanaka, 


Patentanwalte, 


Nakahara-ku 


Arabellastrasse 4 


Kawasaki-shi, 


D-81925 Munchen (DE) 




o 



CO 

cr> 

in 
oo 

CO 



UJ 



© Feed-forward amplifier of a type preventing unwanted waves from being outputted in the initial 
operation. 



© A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an initial 
operation suitable to a use in a radio transmitter- 
receiver in a radio communication system, aimed to 
reduce a loss in the course from an output of a main 
amplifier (1) to an output of the apparatus by im- 
plementing an output control during the initial opera- 
tion in the front stage of the main amplifier (1) 
without switches having been heretofore used, fur- 
ther reducing a power consumption of the apparatus. 
The feed-forward amplifier of this invention is pro- 
vided with a control unit (7) which controls a pilot 
signal variably attenuating unit (5) so as to gradually 
decrease an attenuation quantity of a pilot signal 
with use of results of detection conducted by a 
power source start-up detecting means (8) and a 
main signal detecting means (9) as timing informa- 
tion after a start-up of a power source of a main 
amplifier (1), and controls a main signal variably 
attenuating unit (6) so as to gradually decrease an 
attenuation quantity of a main signal after the pilot 



signal variable attenuating unit (5) has decreased the 
attenuation quantity of the pilot signal. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a feed-forward 
amplifier of a type preventing unwanted waves 
from being outputted in an initial operation of the 5 
amplifier, suitable for use in a radio transmitter- 
receiver in a radio communication system. 

In recent years, an amplifier of a feed-forward 
type (a feed-forward amplifier) has been developed 
for the purpose of remedy for non-linear distortion 10 
appearing in the amplifier. This amplifier, however, 
has a difficulty to ensure a sufficient distortion 
compensating quantity until a feed-forward control 
becomes stable after a start-up "of the amplifier, 
and is not able to sufficiently suppress a pilot 75 
signal used for the control. 

These unwanted waves are contained in an 
output of the amplifier, causing signal waves at 
unnecessary frequencies to be outputted. In par- 
ticular, if the feed-forward amplifier is used as a 20 
power amplifier for a radio transmitter-receiver, it is 
necessary to provide a function to prevent such 
unwanted waves from being outputted in an initial 
operation after a start-up of the system until the 
feed-forward control becomes stable. 25 

A typical feed-forward amplifier includes, for 
example, a switch disposed at an output of the 
amplifier functioning to prevent such unwanted 
waves from being outputted. During an initial op- 
eration from a start-up of the amplifier until the 30 
feed-forward control becomes stable, the switch is 
OFF, in order to prevent unwanted waves from 
being outputted. After the feed-forward control gets 
into a stable condition, the switch is controlled to 
be ON to start a transmission. 35 

If such typical feed-forward amplifier is used as 
a power amplifier in a radio transmitter-receiver, a 
transmitting output level of the power amplifier is 
specified by an output of the radio transmitter- 
receiver. If a switch to prevent unwanted waves 40 
from being outputted as above is interposed some- 
where on the side of an output of the amplifier, it is 
necessary to increase an output level of the am- 
plifier in order to compensate a power loss caused 
from the interposition of the switch. The increased 45 
output level next causes an increase in saturated 
output level of the amplifier and an increase in 
power consumption. 



SUMMARY OF THE INVENTION 



50 



To overcome the above problem, an object of 
the present invention is to provide a feed-forward 
amplifier where an output control during an initial 
operation of the apparatus is implemented in a first 55 
stage of a main amplifier without a switch here- 
tofore employed, thereby reducing a power loss in 
the course from an output of the main amplifier to 



an output of the apparatus and a power consump- 
tion in the apparatus. 

The present invention therefore provides a 
feed-forward amplifier of a type preventing unwan- 
ted waves from being outputted in an initial opera- 
tion having a main amplifier amplifying a main 
signal in a main signal path, a distortion extracting 
loop circuit supplying a pilot signal fed from a pilot 
signal generator to said main signal path and gen- 
erating a main signal cancelling signal to cancel 
said main signal outputted from said main am- 
plifier, and a distortion eliminating loop circuit ob- 
taining a signal in which components of said main 
signal in an output of said main amplifier have 
been cancelled on the basis of an output of said 
main amplifier and said main signal cancelling sig- 
nal fed from said distortion extracting loop circuit in 
a rear stage of said main amplifier and outputting 
the components of said main signal obtained from 
a signal in said main signal path in a rear stage of 
said main amplifier using said signal in which the 
components of said main signal have been can- 
celled, said feed-forward amplifier comprising a 
pilot signal variably attenuating unit attenuating 
said pilot signal supplied to said main signal path 
in a front stage of said main amplifier, a main 
signal variably attenuating unit attenuating said 
main signal in said main signal path in said front 
stage of said main amplifier, a power source start- 
up detecting means detecting a start-up of a power 
source of said main amplifier, a main signal detect- 
ing means detecting an input of said main signal, 
and a control unit controlling said pilot signal vari- 
ably attenuating unit. so as to gradually decrease 
an attenuation quantity of the pilot signal using 
results of detection by said power source start-up 
detecting means and said main signal detecting 
means as timing information after a start-up of said 
power source of said main amplifier, and control- 
ling said main signal variably attenuating unit so as 
to gradually decrease an attenuation quantity of the 
main signal after said pilot signal variably attenuat- 
ing unit has decreased an attenuation quantity of 
the pilot signal. 

The feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an initial 
operation according to the present invention, other- 
wise, comprises a pilot signal variably attenuating 
unit attenuating said pilot signal supplied to said 
main signal path in a front stage of said main 
amplifier, a main signal variably attenuating unit 
attenuating said main signal in said main signal 
path in said front stage of said main amplifier, a 
power source start-up detecting means detecting a 
start-up of a power source of said main amplifier, a 
first main signal detecting means having a main 
signal cancelling signal detecting means detecting 
a main signal cancelling signal fed from said distor- 
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tion extracting loop circuit and a judging means 
judging an input of the main signal when the main 
signal cancelling signal detected by said main sig- 
nal cancelling signal detecting means exceeds a 
fourth reference value set to a level smaller than a 5 
signal cancelling marginat level at the time of a 
minimum input, a second main signal detecting 
means having an output signal detecting means 
detecting an output signal from the rear stage of 
said main amplifier and a judging means judging io 
an input of the main signal when the output signal 
detected by said output signal detecting means 
exceeds a fifth reference value set to a level small- 
er than a level of the output signal at the time of 
the minimum input, an initial operation control unit 75 
controlling said pilot signal variably attenuating unit 
so as to gradually decrease an attenuation quantity 
of the pilot signal using results of detection by said 
power source start-up detecting means and said 
first main signal detecting means after a start-up of 20 
said power source of said main amplifier, and con- 
trolling said main signal variably attenuating unit so 
as to gradually decrease an attenuation quantity of 
the main signal after said pilot signal variably at- 
tenuating unit has decreased the attenuation quan- 25 
tity of the pilot signal, and a main control unit 
controlling said distortion extracting loop circuit and 
said distortion eliminating loop circuit on the basis 
of a result of detection by said second main signal 
detecting means after a control by said initial op- 30 
eration control unit while watching a failure con- 
dition-iof said main amplifier. 

The feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an initial 
operation, otherwise, comprises a pilot signal vari- 35 
ably attenuating unit attenuating said pilot signal 
supplied to said main signal path in a front stage of 
said main amplifier, a main signal variably attenuat- 
ing unit attenuating said main signal in said main 
signal path in said front stage of said main am- 40 
plifier, a power source start-up detecting means 
detecting a start-up of a power source of said main 
amplifier, a third main signal detecting means hav- 
ing a main signal cancelling signal detecting means 
detecting a main signal cancelling signal fed from 4s 
said distortion extracting loop circuit and a judging 
means judging an input of the main signal when 
the main signal cancelling signal detected by said 
main signal cancelling signal detecting means ex- 
ceeds a sixth reference value set to a level smaller 50 
than an initial operation level set larger than a 
signal cancellation marginal level at the time of a 
minimum input, a fourth main signal detecting 
means having an output signal detecting means 
detecting an output signal from the rear stage of 55 
said main amplifier and a judging means judging 
an input of the main signal when the output signal 
detected by said output signal detecting means 



exceeds a seventh reference value set to a level 
smaller than a level of the output signal at the time 
of the minimum input, an initial operation control 
unit altering a control setting mode in said distor- 
tion extracting loop circuit so that said initial opera- 
tion level is a signal cancelling marginal level after 
said third main signal detecting means has de- 
tected an input of the main signal with use of 
results of detection by said power source start-up 
detecting means and said third main signal detect- 
ing means, under such condition, said initial opera- 
tion control unit controlling said pilot signal variably 
attenuating unit so as to gradually decrease an 
attenuation quantity of the pilot signal, and control- 
ling said main signal variably attenuating unit so as 
to gradually decrease an attenuation quantity of the 
main signal after said pilot signal variably attenuat- 
ing unit has decreased the attenuation quantity of 
the pilot signal, and a main control unit controlling 
said distortion extracting loop circuit and said dis- 
tortion eliminating loop circuit on the basis of a 
result of detection by said fourth main signal de- 
tecting means after a control by said initial opera- 
tion control unit, while watching a failure condition 
of said main amplifier. 

As above, in the feed-forward amplifier accord- 
ing to this invention, an output control of the pilot 
signal and the main signal in the initial operation is 
conducted in the front stage of the main amplifier, 
thereby reducing a power loss in the course from 
the output of the main amplifier to the output of the 
apparatus, reducing a power consumption in the 
apparatus, and enabling the initial operation without 
unwanted waves exceeding the specified value be- 
ing outputted from the apparatus. 

Further, in the feed-forward amplifier according 
to this invention, the pilot signal variably attenuat- 
ing unit is disposed in a part on a side of the 
output of the pilot signal generator branched from 
the main signal path in the front stage of the main 
amplifier, thereby reducing a loss generating in the 
main signal path, and decreasing a gain of the 
main amplifier and a delay time in the delay circuit 
Still further, in the feed-forward amplifier ac- 
cording to this invention, the attenuation control of 
the pilot signal may be carried out immediately 
after a start-up of the power source so that it is 
necessary to operate only the main signal variably 
attenuating unit upon a signal input, thereby de- 
creasing a time required from the signal input until 
the feed-forward control becomes stable. 

Still further, in the feed-forward amplifier ac- 
cording to this invention, the control unit disposed 
in the front stage of the main amplifier carries out 
the output control of the pilot signal and the main 
signal in the initial operation, thereby reducing a 
loss in the course from the output of the main 
amplifier to the output of the apparatus and a 
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power consumption of the apparatus, and enabling 
the initial operation of the feed-forward amplifier 
without unwanted waves above the specified value 
being outputted from the amplifier. 

Still further, in the feed-forward amplifier ac- 5 
cording to this invention, the attenuating control of 
the pilot signal may be carried out immediately 
after a start-up of the power source so that it is 
necessary to operate only the input signal variably 
attenuating unit upon a signal input, thereby reduc- w 
ing a time required from the signal input until the 
feed-forward control becomes stable. 

Still further, in the feed-forward amplifier ac- 
cording to this invention, the main signal detecting 
means detects presence of an input of the main 75 
signal so that, when the input of the main signal is 
interrupted in the normal operation, the main signal 
cancelling control is deviated from the optimal 
point for the control under the main signal inter- 
rupted condition, thereby preventing an increase in 20 
transmitted output distortion in a transient operation 
upon a re-input of the main signal. 

Still further, in the feed-forward amplifier ac- 
cording to this invention, it is possible to omit the 
input signal detecting means since the main signal 25 
detecting means may be served to detect an input 
of the main signal. This contributes a reduction in 
dimensions of the apparatus. 

Still further, in the feed-forward amplifier ac- 
cording to this invention, employment of the main 30 
signal cancelling signal detecting means and the 
output signal detecting means may accomplish a 
highly-accruate detection of an input of the main 
signal. This contributes a reduction in dimensions, 
and an improvement in performance of the appara- 35 
tus. 

Still further, in the feed-forward amplifier ac- 
cording to this invention, it is possible to employ a 
failure alarming means. The employment of the 
failure alarming means enables a highly-accurate 40 
detection of an input of the main signal while 
watching a trouble of the apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

FIG. 1 is a block diagram of a feed-forward 
amplifier illustrating a first aspect of this inven- 
tion; 

FIG: 2 is a block diagram of a feed-forward 
amplifier illustrating a second aspect of this in- so 
vention; 

FIG. 3 is a block diagram of a feed-forward 
amplifier illustrating a third aspect of this inven- 
tion; 

FIG. 4 is a block diagram of a feed-forward 55 
amplifier according to a first embodiment of this 
invention; 
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FIG. 5 is a block diagram of a control unit of the 
feed-forward amplifier according to the first em- 
bodiment; 

FIG. 6 is a graph showing a reference used to 
judge an input of the main signal in the feed- 
forward amplifier according to the first embodi- 
ment; 

FIG. 7 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the first 
embodiment; 

FIGS. 8A through 8E are a timing chart illustrat- 
ing the operation of the feed-forward amplifier 
according to the first embodiment; 
FIG. 9 is a block diagram of a feed-forward 
amplifier according to a first modification of the 
first embodiment of this invention; 
FIG. 10 is a block diagram of a control unit of 
the feed-forward amplifier according to the first 
modification of the first embodiment; 
FIG. 1 1 is a graph illustrating an operation of the 
feed-forward amplifier according to the first 
modification of the first embodiment; 
FIG. 12 is a flowchart illustrating the operation of 
the feed-forward amplifier according to the first 
modification of the first embodiment; 
FIG. 13 is a block diagram of a control unit of a 
feed-forward amplifier according to a second 
modification of the first embodiment of this in- 
vention; 

FIG. 14 is a graph illustrating an operation of the 
feed-forward amplifier according to the second 
modification of the first embodiment; 
FIG. 15 is a flowchart illustrating the operation of 
the feed-forward amplifier according to the sec- 
ond modification of the first embodiment; 
FIG. 16 is a block diagram of a control unit of a 
feed-forward amplifier according to a third modi- 
fication of the first embodiment of this invention; 
FIG. 17 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the third 
modification of the first embodiment; 
FIG: 18 is a block diagram of a control unit of a 
feed-forward amplifier according to a fourth 
modification of the first embodiment of this in- 
vention; 

FIG. 19 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the 
fourth modification of the first embodiment; 
FIG. 20 is a graph showing a reference used to 
judge an input of the main signal in a feed- 
forward amplifier according to a fifth modifica- 
tion of the first embodiment of this invention; 
FIG. 21 is a graph showing the reference used 
to judge an input of the main signal in the feed- 
forward amplifier according to the fifth modifica- 
tion of the first embodiment; 
FIG. 22 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the fifth 
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modification of the first embodiment; 
FIG. 23 is a block diagram of a control unit of a 
feed-forward amplifier according to a sixth modi- 
fication of the first embodiment of this invention; 
FIG. 24 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the sixth 
modification of the first embodiment; 
FIG. 25 is a block diagram of a control unit of a 
feed-forward amplifier according to a second 
embodiment of this invention; 
FIG. 26 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the sec- 
ond embodiment of this invention; 
FIGS. 27 A through 27E are a timing chart illus- 
trating the operation of the feed-forward am- 
plifier according to the second embodiment; 
FIG. 28 is a block diagram of a feed-forward 
amplifier according to a third embodiment of this 
invention; 

FIG. 29 is a block diagram of a feed-forward 
amplifier according to a fourth embodiment of 
this invention; 

FIG. 30 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the 
fourth embodiment; 

FIG. 31 is a block diagram of a feed-forward 

amplifier according to a modification of the 

fourth embodiment of this invention; 

FIG. 32 is a block diagram of a feed-forward 

amplifier according to a fifth embodiment of this 

invention; 

FIG. 33 is a flowchart illustrating an operation of 
the feed-forward amplifier according to the fifth 
embodiment; and 

FIG. 34 is a block diagram of a feed-forward 
amplifier according to a modification of the fifth 
embodiment of this invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(a) Description of Aspects of the Invention: 

FIG. 1 is a block diagram of a feed-forward 
amplifier according to a first aspect of this inven- 
tion, where reference numeral 1 denotes a main 
amplifier which amplifies a main signal in a main 
signal path. 

Reference numeral 3 denotes a distortion ex- 
tracting loop circuit which supplies a pilot signal 
fed from a pilot signal generator 2 to the main 
signal path, and generates a main signal cancelling 
signal to cancel the main signal outputted from the 
main amplifier 1 . 

Reference numeral 4 denotes a distortion elimi- 
nating loop circuit which obtains a signal, in which 
components of the main signal in an output of the 
main amplifier 1 have been cancelled on the basis 



of an output of the main amplifier 1 and the main 
signal cancelling signal from the distortion extract- 
ing loop circuit 3, and outputs components of the 
main signal obtained from a signal in the main 
s signal path in the rear stage of the main amplifier 
1. 

The feed-forward amplifier according to the 
first aspect of this invention further comprises a 
pilot signal variably attenuating unit 5 which can 

w attenuate the pilot signal fed to the main signal 
path in the front stage of the main amplifier 1 , a 
main signal variably attenuating unit 6 which can 
attenuate the main signal. in the main signal path in 
the front stage of the main amplifier 1, a power 

75 source start-up detecting means 8 which detects a 
start-up of a power source of the main amplifier 1, 
a main signal detecting means 9 which detects an 
input of the main signal, and a control unit 7 which 
controls the pilot signal variably attenuating unit 5 

20 so as to gradually decrease an attenuation quantity 
of the pilot signal after a start-up of the power 
source of the main amplifier 1 with use of results of 
detection conducted by the power source start-up 
detecting means 8 and the main signal detecting 

25 means 9 as timing information, then controls the 
main signal variably attenuating unit 6 so as to 
gradually decrease an attenuation quantity of the 
main signal after the pilot signal variably attenuat- 
ing unit 5 has decreased an attenuation quantity of 

30 the pilot signal. 

The pilot signal variably attenuating unit 5 is 
positioned in the main signal path in the front stage 
of the main amplifier as indicated by a solid line in 
FIG. 1. It is also possible to position the pilot signal 

35 variably attenuating unit 5 in a part on a side of the 
output of the pilot signal generator 2 branched from 
the main signal path in the front stage of the main 
amplifier 1 as indicated by a dot-dash line in FIG. 
1. 

40 In the feed-forward amplifier according to the 

first aspect of this invention, the control unit 7 may 
include a pilot signal attenuation quantity control 
means which controls the pilot signal variably at- 
tenuating unit 5 so as to gradually decrease an 

45 attenuation quantity of the pilot signal when the 
power source start-up detecting means detects a 
start-up of the power source of the main amplifier 1 
and the main signal detecting means detects an 
input of the main signal, and a main signal attenu- 

50 ation quantity control means which controls the 
main signal variably attenuating unit 6 so as to 
gradually decrease an attenuation quantity of the 
main signal after the pilot signal attenuation quan- 
tity control means has decreased an attenuation 

55 quantity of the pilot signal. 

The control unit 7 may, otherwise, include a 
pilot signal attenuation quantity control means 
which controls the pilot signal variably attenuating 
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unit 5 so as to gradually decrease an attenuation 
quantity of the pilot signal when the power source 
start-up detecting means 8 detects a start-up of the 
power source of the main amplifier 1, and a main 
signal attenuation quantity control means which 
controls the main signal variably attenuating unit 6 
so. as to gradually decrease an attenuation quantity 
of the main signal when the main signal detecting 
means 9 detects an input of the main signal after 
the pilot signal attenuation quantity control means 
has initiated an operation to decrease an attenu- 
ation quantity of the pilot signal. 

In the above case, if the main signal detecting 
means 9 detects an input of the main signal before 
an attenuation quantity of the pilot signal decreased 
by the pilot signal attenuation quantity control 
means drops below a predetermined value, the 
main signal attenuation quantity control means so 
controls the main signal variably attenuating unit 6 
as to gradually decrease an attenuation quantity of 
the main signal after an attenuation quantity of the 
pilot signal decreased by the pilot signal attenu- 
ation quantity control means has dropped below 
the predetermined value. 

The power source start-up detecting means 8 
may be formed as a power-on reset circuit which 
detects a start-up of the power source of the main 
amplifier 1 , and the main signal detecting means 9 
may be formed as a main signal detecting circuit 
which detects an input of the main signal. The 
control unit 7 may include a pilot signal attenuation 
quantity control circuit having a first switch-type 
control circuit and a first time-constant circuit con- 
trols the pilot signal variably attenuating unit so as 
to gradually decrease an attenuation quantity of the 
pilot signal when the power-on reset circuit detects 
a start-up of the power source of the main amplifier 
1 and the main signal detecting circuit detects an 
input of the main signal, and a main signal attenu- 
ation quantity control circuit having a second 
switch-type control circuit and a second time-con- 
stant circuit controls the main signal variably at- 
tenuating unit 6 so as to gradually decrease an 
attenuation quantity of the main signal after the 
pilot signal attenuation quantity control unit has 
decreased an attenuation quantity of the pilot sig- 
nal. Otherwise, the power source start-up detecting 
means 8 may be formed as a power-on reset 
circuit which detects a start-up of the power 
source, and the main signal detecting means 9 
may be formed as a main signal detecting circuit 
which detects an input of the main signal. The 
control unit 7 may include a pilot signal attenuation 
quantity control circuit having a first switch-type 
control circuit and a first time-constant circuit con- 
trols the pilot signal variably attenuating unit 5 so 
as to gradually decrease an attenuation quantity of 
the pilot signal when the power-on reset circuit 
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detects a start-up of the power source of the main 
amplifier 1, and a main signal attenuation quantity 
control circuit having a second switch-type control 
circuit and a second time-constant circuit controls 
5 the main signal variably attenuating unit 6 so as to 
gradually decrease an attenuation quantity of the 
main signal when the main signal detecting circuit 
detects an input of the main signal after the pilot 
signal attenuation quantity control circuit has de- 
io creased an attenuation quantity of the pilot signal. 

In the above case, if the main signal detecting 
circuit detects an input of the main signal before an 
attenuation quantity of the pilot signal decreased 
by the pilot signal attenuation quantity control cir- 
75 cuit drops below a predetermined value, the main 
signal attenuation quantity control circuit so con- 
trols the main signal variably attenuating unit 6 as 
to gradually decrease an attenuation quantity of the 
main signal after the attenuation quantity of the 
20 pilot signal decreased by the pilot signal attenu- 
ation quantity control circuit has dropped below the 
predetermined value. 

The main signal detecting means 9 may have 
an input signal detecting means which detects an 
25 input signal inputted to the front stage of the main 
amplifier 1, a judging means which judges that the 
main signal has been inputted when the input sig- 
nal detected by the input signal detecting means 
exceeds a first reference value set to a level small- 
30 er than a level of the input signal at the time of the 
minimum input: The main signal detecting means 9 
may also have an output signal detecting means 
which detects an output signal from the rear stage 
of the main amplifier 1, and a judging means which 
35 judges that the main signal has been inputted when 
the output signal detected by the output signal 
detecting means exceeds a second reference value 
set to a level smaller than a level of the output 
signal at the time of the minimum input. The main 
40 signal detecting means 9 may also have a main 
signal cancelling signal detecting means which de- 
tects a main signal cancelling signal fed from the 
distortion extracting loop circuit, and a judging 
means which judges that the main signal has been 
45 inputted when the main signal cancelling signal 
detected by the main signal cancelling signal de- 
tecting means exceeds a third reference value set 
to a level smaller than a signal cancelling marginal 
level at the time of the minimum input. 
50 In the feed-forward amplifier according to the 

first aspect, as shown in FIG. 1, the distortion 
extracting loop circuit 3 supplies the pilot signal fed 
from the pilot signal generator 2 to the main signal 
path and generates the main signal cancelling sig- 
55 nal to cancel the main signal outputted from the 
main amplifier 1. The distortion eliminating loop 
circuit 4 disposed in the rear stage of the main 
amplifier 1 obtains a signal in which components of 
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the main signal in an output of the main amplifier 1 
have been cancelled on the basis of the output of 
the main amplifier 1 and the main signal cancelling 
signal from the distortion extracting loop circuit 3. 
and outputs the components of the main signal 
obtained from a signal in the main signal path in 
the rear stage of the main amplifier 1, with use of 
the signal in which the components of the main 
signal have been cancelled. 

The control unit 7 controls the pilot signal vari- 
ably attenuating unit 5 so as to gradually decrease 
an attenuation quantity of the pilot signal with use 
of results of detection conducted by the power 
source stat-up detecting means and the signal de- 
tecting means 9 as timing information after a start- 
up of the power source of the main amplifier 1, 
then controls the main signal variably attenuating 
unit 6 so as to gradually decrease an attenuation 
quantity of the main signal after an attenuation 
quantity of the pilot signal has been decreased, 
thereby preventing unwanted waves from being 
outputted in an initial operation of the feed-forward 
amplifier. 

In the feed-forward amplifier according to this 
invention, when the power source start-up detecting 
means 8 detects a start-up of the power source 
and the main signal detecting means 9 detects an 
input of the main signal, the control unit 7 so 
controls the pilot signal variably attenuating unit 5 
as toigradually decrease an attenuation quantity of 
the pilot signal. After the pilot signal attenuation 
quantity control means has decreased an attenu- 
ation ^quantity of the pilot signal, the main signal 
attenuation quantity control means so controls the 
main signal variably attenuating unit 6 as to gradu- 
ally decrease an attenuation quantity of the main 
signal, thereby preventing unwanted waves from 
being outputted in the initial operation of the feed- 
forward amplifier. 

In the feed-forward amplifier according to this 
invention, when the power source start-up detecting 
means 8 detects a start-up of the power source of 
the main amplifier 1, the pilot signal attenuation 
quantity control means so controls the pilot signal 
variably attenuating unit 5 as to gradually decrease 
an attenuation quantity of the pilot signal, the main 
signal attenuation quantity control means then so 
controls the main signal variably attenuating unit 6 
as to gradually decrease an attenuation quantity of 
the main signal when the main signal detecting 
means detects an input of the main signal after the 
pilot signal attenuation quantity control means has 
initiated an operation to decrease an attenuation 
quantity of the pilot signal. 

In the above case, if the main signal detecting 
means detects an input of the main signal before 
an attenuation quantity of the pilot signal decreased 
by the pilot signal attenuation quantity control 



0685931 A1_l_> 



means drops below a predetermined value, the 
main signal attenuation quantity control means so 
controls the main signal variably attenuating unit 6 
as to gradually decrease an attenuation quantity of 

5 the main signal after an attenuation quantity of the 
pilot signal decreased by the pilot signal attenu- 
ation quantity control means has dropped below 
the predetermined value. 

In the feed-forward amplifier according to this 

10 invention, when the power-on reset circuit detects a 
start-up of the power source of the main amplifier 1 
and the main signal detecting circuit detects an 
input of the main signal, the control unit 7 so 
controls the pilot signal variably attenuating unit 5 

15 as to gradually decrease an attenuation quantity of 
the pilot signal, then so controls the main signal 
variably attenuating unit 6 as to gradually decrease 
an attenuation quantity of the main signal after the 
pilot signal attenuation quantity control circuit has 

20 decreased an attenuation quantity of the pilot sig- 
nal, thereby preventing unwanted waves from being 
outputted in the initial operation of the feed-forward 
amplifier. 

In the feed-forward amplifier according to this 

25 invention, when the power-on reset circuit detects a 
start-up of the power source of the main amplifier 
1, the pilot signal variably attenuating unit 5 is so 
controlled as to gradually decrease an attenuation 
quantity of the pilot signal. On the other hand, 

30 when the main signal detecting circuit detects an 
input of the main signal after the pilot signal attenu- 
ation quantity control circuit has initiated an opera- 
tion to decrease an attenuation quantity of the pilot 
signal, the main signal attenuation quantity control 

35 circuit so controls the main signal variably attenuat- 
ing unit 6 as to graduafly decrease an attenuation 
quantity of the main signal. 

In the above case, if the main signal detecting 
circuit detects an input of the main signal before an 

40 attenuation quantity of the pilot signal decreased 
by the pilot signal attenuation quantity control cir- 
cuit drops below a predetermined value, the main 
signal attenuation quantity control circuit so con- 
trols the main signal variably attenuating unit 6 as 

45 to gradually decrease an attenuation quantity of the 
main signal after an attenuation quantity of the pilot 
signal decreased by the pilot signal attenuation 
quantity control circuit has dropped below the pre- 
determined value. 

so In the main signal detecting means 9, the input 

signal detecting means detects an input signal to 
the front stage of the main amplifier 1 . The judging 
means judges an input of the main signal when an 
input signal detected by the input signal detecting 

55 means exceeds a first reference value set to level 
smaller than a level of the input signal at the time 
of the minimum input, whereby a highly-accurate 
detection of the main signal is feasible. 

7 
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Further, the output signal detecting means de- 
tects an output signal from the rear stage of the 
main amplifier 1. The judging means judges an 
input of the main signal when the output signal 
detected by the output signal detecting means 
exceeds a second reference value set to a level 
smaller than a level of the output signal at the time 
of the minimum input, whereby a highly-accruate 
detection of the main signal is feasible. 

Still further, the main signal cancelling signal 
detecting means detects the main signal cancelling 
signal outputted from the distortion extracting loop 
circuit 3. The judging means judges an input of the 
main signal when the main signal cancelling signal 
exceeds a third reference value set to a level 
smaller than a signal cancelling marginal level at 
the time of the minimum input, whereby a highly- 
accurate detection of the main signal is feasible. 

FIG. 2 is a block diagram showing another 
feed-forward amplifier according to a second as- 
pect of this invention. The feed-forward amplifier 
shown in FIG. 2 comprises a main amplifier 1, a 
pilot signal generator 2, a distortion extracting loop 
circuit 3, a distortion eliminating loop circuit 4, a 
pilot signal variably attenuating unit 5, a main sig- 
nal variably attenuating unit 6, and a power source 
start-up detecting means 8, which have the same 
functions as those in the feed-forward amplifier 
according to the first aspect of this invention (refer- 
ring to FIG. 1). 

In FIG. 2, reference numeral 103 denotes a first 
main signal detecting means. The first main signal 
detecting means 103 comprises a main signal can- 
celling signal detecting means 101 which detects a 
main signal cancelling signal fed from the distortion 
extracting loop circuit 3. and a judging means 102 
which judges an input of the main signal when the 
main signal cancelling signal detected by the main 
signal cancelling signal detecting means 101 ex- 
ceeds a fourth reference value set to a level small- 
er than a signal cancelling marginal level at the 
time of the minimum input. 

Reference numeral 107 denotes an initial op- 
eration control unit. The initial operation control unit 
107 so controls the pilot signal variably attenuating 
unit 5 as to gradually decrease an attenuation 
quantity of the pilot signal with use of results of 
detection conducted by the power source start-up 
detecting means 8 and the first main signal detect- 
ing means 103 as timing information after a start- 
up of the power source of the main amplifier 1, 
then so controls the main signal variably attenuat- 
ing unit 6 as to gradually decrease an attenuation 
quantity of the main signal after the pilot signal 
variably attenuating unit 5 has decreased an at- 
tenuation quantity of the pilot signal. 

Reference numeral 108 denotes a main control 
unit. The main control unit 1 08 controls the distor- 
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tion extracting loop circuit 3 and the distortion 
eliminating loop circuit 4 after a control by the 
initial operation control unit 107. while watching a 
failure condition of the main amplifier 1 on the 

5 basis of a result of detection by the second main 
signal detecting means 106. 

It is possible to additionally provide a failure 
alarming means which outputs information that the 
main amplifier 1 is in trouble depending on results 

w of the detection by the first main signal detecting 
means 103 and the second main signal detecting 
means 106. 

In the feed-forward amplifier according to the 
second aspect of this invention, as shown in FIG. 2, 

75 the distortion extracting loop circuit 3 supplies the 
pilot signal fed from the pilot signal generator 2 to 
the main signal path and generates the main signal 
cancelling signal to cancel components of the main 
signal outputted from the main amplifier 1, the 

20 distortion eliminating loop circuit 4 disposed in the 
rear stage of the main amplifier 1 obtains a signal 
in which the components of the main signal in an 
output of the main amplifier 1 have been cancelled 
on the basis of the output of the main amplifier 1 

25 and the main signal cancelling signal from the 
distortion extracting loop circuit 3 and outputs the 
components of the main signal obtained from a 
signal in the main signal path in the rear stage of 
the main amplifier with use of the signal in which 

30 the components of the main signal have been 
cancelled. 

The main signal cancelling signal detecting 
means 101 in the first main signal detecting means 
103 detects the main signal cancelling signal fed 

35 from the distortion extracting loop circuit 3. The 
judging means 1 02 judges that the main signal has 
been inputted when the main signal cancelling sig- 
nal detected by the main signal cancelling signal 
detecting means 101 exceeds a fourth reference 

40 value set to a level smaller than the signal cancel- 
ling marginal level at the time of the minimum 
input. 

The output signal detecting means 104 in the 
second main signal detecting means 106 detects 

45 an output signal from the rear stage of the main 
amplifier 1. The judging means 105 judges that the 
main signal has been inputted when the output 
signal detected by the output signal detecting 
means 104 exceeds a fifth reference value set to a 

so level smaller than a level of the output signal at the 
time of the minimum input. 

The initial operation control unit 107 controls 
the pilot signal variably attenuating unit 5 so as to 
gradually decrease an attenuation quantity of the 

55 pilot signal with use of results of detection by the 
power source start-up detecting means 8 and the 
first main signal detecting means 103 as timing 
information after a start-up of the power source of 
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the main amplifier 1 1 then controls the main signal 
variably attenuating unit 6 so as to gradually de- 
crease an attenuation quantity of the main signal 
after the attenuation quantity of the pilot signal has 
been decreased by the pilot signal variably attenu- 
ating unit 5. 

After a control by the initial operation control 
unit 107, the main control unit 108 controls the 
distortion extracting loop circuit 3 and the distortion 
eliminating loop circuit 4 on the basis of a result of 
detection by the second main signal detecting 
means 106, while watching a failure condition of 
the main amplifier 1 . 

During the control by the main control unit 108, 
a failure alarming means may output information 
that the main amplifier 1 is in trouble, depending 
on results of detection by the first main signal 
detecting means 103 and the second main signal 
detecting means 106. 

FIG. 3 is a block diagram of another feed- 
forward amplifier according to a third aspect of the 
invention. The feed-forward amplifier shown in FIG. 
3 comprises a main amplifier 1, a pilot signal 
generator 2, a distortion extracting loop circuit 3, a 
distortion eliminating loop circuit 4, a pilot signal 
variably attenuating unit 5, a main signal variably 
attenuating unit 6 and a power source start-up 
detecting means 8, which have the same functions 
as those in the feed-forward amplifier according to 
the first and second aspects of this invention (refer- 
ring to FIGS. 1 and 2). 

In FIG. 3, reference numeral 113 denotes a 
third main signal detecting means. The third main 
signal detecting means has a main signal cancel- 
ling signal detecting means 111 which detects a 
main signal cancelling signal fed from the distortion 
extracting loop circuit 3, and a judging means 112 
which judges an input of a main signal when the 
main signal cancelling signal detected by the main 
signal cancellinjg signal detecting means 111 ex- 
ceeds a sixth reference value set to a level smaller 
than an initial operation level set larger than a 
signal cancelling marginal level at the time of the 
minimum input. 

Reference numeral 116 denotes a fourth main 
signal detecting means. The fourth main signal 
detecting means 116 has an output signal detect- 
ing means 114 which detects an output signal from 
the rear stage of the main amplifier 1, and a 
judging means 15 which judges an input of the 
main signal when the output signal detecting by the 
output signal detecting means 114 exceeds a sev- 
enth reference value set to a level smaller than a 
level of the output signal at the time of the mini- 
mum input. 

Reference numeral 117 denotes an initial op- 
eration control unit. The initial operation control unit 
117 alters a control setting mode in the distortion 
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extracting loop circuit 3 so that an initial operation 
level is a signal cancelling marginal level at the 
time of the minimum input with use of results of 
detection by the power source detecting means 8 
s and the third main signal detecting means 1 1 3 as 
timing information after the third main signal de- 
tecting means 113 has detected an input of the 
main signal. Under such condition, the initial opera- 
tion control unit 117 so controls the pilot signal 

10 variably attenuating unit 5 as to gradually decrease 
an attenuation quantity of the pilot signal after a 
start-up of the power source of the main amplifier 
1 , then so controls the main signal variably attenu- 
ating unit 6 as to gradually decrease an attenuation 

75 quantity of the main signal after an attenuation 
quantity of the pilot signal has been decreased by 
the pilot signal variably attenuating unit 5. 

Reference numeral 118 denotes a main control 
unit. The main control unit 1 1 8 controls the distor- 

20 tion extracting loop circuit 3 and the distortion 
eliminating loop circuit 4 on the basis of a result of 
detection by the fourth main signal detecting 
means after the control by the initial operation 
control unit 117, while watching a failure condition 

25 of the main amplifier 1 . 

The feed-forward amplifier according to the 
third aspect of this invention may further comprise 
a fifth main signal detecting means having a main 
signal cancelling signal detecting means which de- 

30 tects a main signal cancelling signal fed from the 
distortion extracting loop circuit 3 and a judging 
means which judges that the main signal has been 
inputted when the main signal cancelling signal 
detected by the main signal cancelling signal de- 

35 tecting means exceeds an eighth reference value 
set to a level smaller than the signal cancelling 
marginal level at the time of the minimum input, 
and a failure alarming means which outputs in- 
formation that the main amplifier is in trouble de- 

40 pending on results of detection by the fourth main 
signal detecting means 116 and the fifth main 
signal detecting means! 

In the feed-forward amplifier according to the 
third aspect, as shown in FIG. 3, . the distortion 

45 extracting loop circuit 3 supplies the pilot signal fed 
from the pilot signal generator 2 to the main signal 
path and generates the main signal cancelling sig- 
nal to cancel the main signal outputted from the 
rear stage of the main amplifier 1 , and the distor- 

50 tion eliminating loop circuit 4 obtains a signal in 
which components of the main signal in an output 
of the main amplifier have been cancelled on the 
basis of the output of the main amplifier 1 and the 
main signal cancelling signal from the distortion 

55 extracting loop circuit 3 and outputs the compo- 
nents of the main signal obtained from a signal in 
the main signal path in the rear stage of the main 
amplifier 1 with use of the signal in which the 

9 
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components of the main signal have been can- 
celled. 

The main signal cancelling signal detecting 
means 111 in the third main signal detecting 
means 113 detects the main signal cancelling sig- 
nal fed from the distortion extracting loop circuit 3, 
and the judging means 112 judges that the main 
signal has been inputted when the main signal 
cancelling signal detected by the main signal can- 
celling signal detecting means 1 1 1 exceeds a sixth 
reference value set to a level smaller than an initial 
operation level set larger than the signal cancelling 
marginal level at the time of the minimum input. 

The output signal detecting means 114 in the 
fourth main signal detecting means 116 detects an 
output signal from the rear stage of the main am- 
plifier 1 , and the judging means 1 15 judges that the 
main signal has been inputted when the output 
signal detected by the output signal detecting 
means 114 exceeds a seventh reference value set 
to a level smaller than a level of the output signal 
at the time of the minimum input. 

The initial operation control unit 117 alters a 
control setting mode in the distortion extracting 
loop circuit 3 so that an initial operation level is the 
signal cancelling marginal level at the time of the 
minimum input with use of results of detection 
conducted by the power source start-up detecting 
means 8 and the third main signal detecting means 
113 after an input of the main signal has been 
detected by the third main signal detecting means 
113. Under such condition, the initial operation con- 
trol unit 117 so . controls the pilot signal variably 
attenuating unit 5 as to gradually decrease an 
attenuation quantity of the pilot signal after a start- 
up of the power source of the main amplifier 1, 
then so controls the main signal variably attenuat- 
ing unit 6 as to gradually decrease an attenuation 
quantity of the main signal after an attenuation 
quantity of the pilot signal has been decreased by 
the pilot signal variably attenuating unit 5. 

The main control unit 118 controls the distor- 
tion extracting loop circuit 3 and the distortion 
eliminating loop circuit 4 on the basis of a result of 
detection by the fourth main signal detecting 
means 116 after a control by the initial operation 
control unit 7, while watching a failure condition of 
the main amplifier 1 . 

During the control by the main control unit 1 , a 
failure alarming means may output information that 
the main amplifier 1 is in trouble depending on 
results of detection by the fourth main signal de- 
tecting means 116 and the fifth main signal detect- 
ing means. 



(b) Description of a First Embodiment: 

Hereinafer, description will be made of a first 
embodiment according to this invention referring to 
5 the accompanying drawings. 

FIG. 4 is a block diagram of a feed-forward 
amplifier according to a first embodiment of this 
invention. In FIG. 4, reference numeral 1 1 denotes 
a main amplifier, which amplifies a signal from a 

70 main signal system. 

Reference numeral 16 denotes a power source 
start-up detector (a power source start-up detecting 
means), which detects an ON/OFF state of a power 
source of the main amplifier 11. 

75 Reference numeral 12 denotes a pilot signal 

generator, which generates a pilot signal. 

Reference numeral 17a denotes an input signal 
detector. The input signal detector 17a detects an 
input signal to a front stage of the main amplifier 

20 11. An input signal attenuator (a main signal vari- 
ably attenuating unit) 18 attenuates a main signal 
(an input signal) applied to the front stage of the 
main amplifier 1 on the basis of control information 
supplied from a control unit 1 5. 

25 Reference numeral 13 denotes a distortion ex- 

tracting loop circuit. The distortion extracting loop 
circuit 13 is disposed in the front stage of the main 
amplifier 1 1 , supplying a pilot signal outputted from 
a pilot signal generator 12 to a main signal path, 

30 and generating - a main signal cancelling signal 
whose phase is inverted with the same magnitude 
of the main signal in the main signal path. The 
distortion .extracting loop: circuit 13 is configured 
with a variable phase shifter 19, a variable at- 

35 tenuator 20, a delay unit 22 and a main amplifier 
11. 

The variable phase shifter 19 variably changes 
a phase of the main signal outputted from the input 
signaLattenuator 18 on the basis of control informa- 

40 tion supplied from the control unit 15. The variable 
attenuator 20 attenuates the main signal from the 
input signal attenuator 18 on the basis of the con- 
trol information supplied from the control unit 15. 
The variable phase shifter 19 and the variable 

45 attenuator 20 are served to generate a main signal 
cancelling signal to cancel the main signal output- 
ted from the main amplifier 1 1 in the front stage of 
a main signal cancel detector 23, which will be 
described later. 

so The delay unit 22 delays the main signal 

branched from the input signal attenuator 18 for a 
predetermined period. 

Reference numeral 21 denotes a pilot signal 
attenuator (a pilot signal variably attenuating unit). 

55 The pilot signal attenuator 21 is arranged on an 
output side of the pilot signal generator 12 
branched from the main signal system in the front 
stage of the main amplifier 1 1 to attenuate a pilot 

10 
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signal supplied from the pilot signal generator 12 to 
the main signal system in the front stage part of 
the main amplifier 11 on the basis of control in- 
formation supplied from the control unit 15. 

Reference numeral 14 denotes a distortion 
eliminating loop circuit The distortion eliminating 
loop circuit 14 is disposed in a rear stage of the 
main amplifier 1 1 to obtain a signal in which com- 
ponents of the main signal in an output of the main 
amplifier 11 have been cancelled on the basis of 
an output of the main amplifier 11 and, a main 
signal cancelling signal fed from the distortion ex- 
tracting loop circuit 13, and outputs components of 
the main signal obtained from a signal in the main 
signal path in the rear stage of the main amplifier 
1 1 with use of the signal in which the components 
of the main signal have been cancelled. The distor- 
tion eliminating loop circuit 14 comprises a main 
signal cancel detector 23, a variable phase shifter 
24, a variable attenuator 25, an auxiliary amplifier 
26, a delay unit 27, a pilot signal cancel detector 
28, an output signal detector 52 and attenuator 29. 

The attenuator 29 is applied the main signal 
cancelling signal from the main amplifier 11, a 
noise signal of the main signal cancelling signal, a 
pilot signal, and a noise signal of the pilot signal, 
and attenuates these signals to a level before the 
amplification. 

Therefore, the components of the main signal 
can be cancelled by composing a signal from the 
attenuator 29 and the main signal in the main 
signaUpath from the delay unit 22. 

TOe main signal cancel defector 23 detects 
components of the main signal that have not been 
cancelled in the composed signal of the signal 
from the attenuator 29 and the main signal from the 
delay unit 22. The control unit 15 such controls the 
variable phase shifter 19 and the variable attenua- 
tor 20 that the uncancelled components of the main 
signal are detected by the main signal cancel de- 
tector 23. 

With the above configuration, the main signal 
can be cancelled at a composing point, and distor- 
tion components generating in the main amplifier 
11 and the pilot signal can be extracted. 

The variable phase shifter 24 is applied a sig- 
nal composed of a signal from the attenuator 29 
and the main signal from the delay unit 22 to 
compose a pilot signal with an inverse phase pass- 
ing through the delay unit 27 and the variable 
phase shifter 24 on the basis of the control in- 
formation from the control unit 15. The variable 
attenuator 25 attenuates a signal from the variable 
phase shifter 24 on the basis of the control in- 
formation from the control unit 15. 

The auxiliary amplifier 26 amplifies a signal 
from the variable attenuator 25 with the same am- 
plification factor as the main amplifier 11. The 



delay unit 27 is applied the main signal from the 
main amplifier 11, distorted components develop- 
ing in the main amplifier 11 and the pilot signal to 
delay these signals for a predetermined period, 

5 and outputs a signal with an inverted phase of a 
signal from the auxiliary amplifier 26. 

In consequence, components other than com- 
ponents of the main signal, that is, distorted com- 
ponents developing in the main amplifier 11 and 

io the pilot signal can be cancelled by composing a 
signal from the above auxiliary amplifier 26 and a 
signal from the delay unit 27. 

The pilot signal cancel detector 28 detects 
components of the pilot signal that have not been 

75 cancelled in the composed signal of the signal 
from the auxiliary amplifier 26 and the signal from 
the delay unit 27. The control unit 15 so controls 
the variable phase shifter 24 and the variable at- 
tenuator 25 as to minimize a level of the pilot 

20 signal detected by the pilot signal cancel detector 
28 in the ordinary operation. 

Incidentally, the output signal detector 52 is 
served to detect an output signal. 

The control unit 15 controls the above variable 

25 phase shifters 19,24 and the variable attenuators 
20,25, comprising a judging means 17b, a pilot 
signal attenuation quantity control means 30 and 
the main signal attenuation quantity control means 
31, as shown in FIG. 5. 

30 More specifically, the judging means 17b 

judges that the main signal has been inputted when 
an input signal l v detected by the input signal 
detector 17a exceeds a first reference value l de t set 
to a level smaller than an input signal level l Vm in at 

35 the time of the minimum input in the normal opera- 
tion, as shown in FIG. 6. The input signal detector 
17a mentioned before and the judging means 17b, 
therefore, form a main signal detecting means 51 . 
In FIG. 6, Ipmin represents the minimum input 

40 level in the normal operation, while l b represients a 
detected voltage due to a floor noise. 

When the power source start-up detector 16 
detects a start-up of the power source of the main 
amplifier 11, the control unit 15 so controls the pilot 

45 signal attenuator 21 as to gradually decrease an 
attenuation quantity of the pilot signal. When the 
judging means 17b detects an input of the main 
signal after initiation of the operation to decrease 
an attenuation quantity of the pilot signal, the con- 
so trol unit 15 so controls the input signal attenuator 
18 as to gradually decrease an attenuation quantity 
of the main signal. 

In other words, when the power source start-up 
detector 16 detects a start-up of the power source 

55 of the main amplifier 11, the pilot signal attenuation 
quantity control means 30 so controls the pilot 
signal attenuator 21 to gradually decrease an at- 
tenuation quantity of the pilot signal: 
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When the judging means 17b judges an input 
of the main signal after the pilot signal attenuation 
quantity control means 30 has initiated the pilot 
signal attenuation quantity decreasing operation, 
the main signal attenuation quantity control means 
31 so controls the input signal attenuator 18 as to 
gradually decreases an attenuation quantity of the 
main signal. 

Next, an operation of the feed-forward amplifier 
of a type which can prevent unwanted waves from 
being outputted in an initial operation with the 
above configuration according to the first embodi- 
ment of this invention will be described, referring to 
a flowchart shown in FIG. 7 and a timing chart 
shown in FIGS. 8A through 8E. 

.When the power source start-up detector. 16 
throws a power source of the main amplifier 1 1 to 
•on' (Step A1, referring to time E in FIGS. 8A 
through 8C), the control unit 15 implements initial- 
ization of control information for a feed-forward 
control of the apparatus (Step A2). That is, in order 
to prevent unwanted waves from outputting in a 
transient condition of the apparatus immediately 
after the throw-on of the power source, attenuation 
quantity to be attenuated by the input signal at- 
tenuator 18 and the pilot signal attenuator 21 are 
set to large values (referring to time E in FIGS. 8A 
and 8C). 

Therefore, at a point of time of the throw-on of 
the power source of the main amplifier 11, the pilot 
signal is being outputted from the pilot signal gen- 
erator 1.2. However, an attenuation quantity of the 
pilot signal to be . decreased by the pilot signal 
attenuator 21 is set at a large value so that an 
output signal outputted from the apparatus may be 
sufficiently smaller than a spurious permissible lev- 
el (referring to time E in FIG. 8B). 

Until an attenuation quantity of the pilot signal 
attenuator 21 becomes a minimum under a control 
of the pilot signal attenuation quantity control 
means 30, a cancelling control over the pilot signal 
attenuator 21 is continued to gradually decrease an 
attenuation quantity of the pilot signal (referring to 
time E-F at Steps A3-A5 in FIG. 8A). 

Thereafter, when an attenuation quantity of the 
pilot signal attenuator 21 reaches the minimum 
(YES route at Step A5), the same cancelling control 
of the pilot signal as Step A4 above mentioned is 
conducted until the judging means 17b in the main 
signal detecting means 51 judges that the main 
signal has been inputted as an input signal to the 
apparatus (NO route at Steps A6 and A7). 

If the judging means 17b judges that the main 
signal has been inputted as an input signal to the 
apparatus (YES route at STEP A7 in FIG. 7, refer- 
ring to time G in FIGS. 8A-8E), an attenuation 
quantity of the main signal is decreased by the the 
main signal attenuation quantity control means 31 



(Step 8A in FIG. 7. referring to time G-H in FIG. 
8C). Referring to detection information about the 
main signal supplied from the main signal cancel 
detector 23, the control unit 15 controls the variable 

5 phase shifter 19 and the variable attenuator 20, 
thereby conducting a cancelling control of the main 
signal (Step A9). 

As above, it is possible to increase a level of 
the main signal outputted as an apparatus output 

10 (referring to time G-H in FIG. 8D). On the other 
hand, it is also possible to suppress non-linear 
distortion components contained in the apparatus 
output to a level sufficiently lower than the permis- 
sible level by virtue of the cancelling control of the 

75 main signal (referring to time G-H in FIG. 8E). 

In the cancelling control of the main signal, an 
attenuation quantity of the input signal attenuator 
18 is gradually decreased until the attenuation 
quantity in the input signal attenuator 18 becomes 

20 the minimum (from NO route at Step A1 to Steps 
A8 and A8 in FIG. 7, referring to time G-H in FIG. 
8C). 

Thereafter, when an attenuation quantity of the 
main signal attenuator 18 reaches the minimum 

25 (YES route at Step A10 in FIG. 7, referring to time 
H in FIG. 8C), a cancelling control of the pilot 
signal and the main signal, that is, a feed-forward 
control, is successively conducted as same as in 
the process at Steps A6 and A9 set forth above 

30 (StepAII), 

Whereby, attenuation quantities of the pilot sig- 
nal attenuator 21 and the input signal attenuator 18 
become minimum, (referring to time H in FIGS. 8A 
and 8C). Therefore, the pilot signal and the main 

35 signal as an apparatus output are outputted both in 
a stable state (referring to time H in FIGS. 8B and 
8D). In addition, the non-linear distortion compo- 
nents contained in the apparatus output can be 
suppressed to a level sufficiently lower than the 

40 permissible level (referring to time H in FIG. 8E). 

If the main signal is inputted during a process 
at Steps A3 through A5, that is, before the cancel- 
ling control on the pilot signal has been completed, 
a process at Steps A8 through A10, that is, a feed- 

45 forward control, is initiated, not immediately, but 
after completion of the cancelling control of the 
pilot signal. 

As above, in the feed-forward amplifier accord- 
ing to the first embodiment of this invention, it is 

so possible to control outputs of the pilot signal and 
the main signal during the initial operation in the 
front stage, that is, under a condition of a small 
power before amplified so that it is possible to 
reduce a loss occurring in the course from the 

55 output of the main amplifier 11 to the output of the 
apparatus and a power consumption in the appara- 
tus. 
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Since an attenuating control of the pilot signal 
is capable immediately after a start-up of the power 
source, it is sufficient to operate only the input 
signal attenuator 18 upon an input of a signal, 
thereby decreasing a time period from the input of 
the signal to a stable feed-forward control. 

According to this embodiment, the pilot signal 
attenuator 21 is positioned in a part on the side of 
the output of the pilot signal generator 12 branched 
from the main signal path in the front stage of the 
main amplifier 11. It is thus possible to set a gain 
of the main amplifier 11 and a delay time in the 
delay unit 22 to smaller values. 

Further, the input signal detector 17a detects 
the presence of an input signal. This is helpful to 
prevent occurrence of a phenomenon that, if an 
input of the main signal is interrupted in the normal 
operation condition, distortion in a transmitted out- 
put increases in a transient operation in the even of 
the re-input of the signal since the main signal 
cancelling control has been deviated from the op- 
timal point during the interruption of the main sig- 
nal. 

(b1) Description of First Modification of the First 
Embodiment 

FIG. 9 is a block diagram of a first modified 
example of the feed-forward amplifier according to 
the first embodiment of this invention. In FIG. 9, the 
input ^signal detector 17a is omitted from the feed- 
forward amplifier of the first embodiment above 
described. An input of the main signal is detected 
from, not detected information supplied by the in- 
put signal detector 17a, but detected information 
supplied from an output signal detector (an output 
signal detecting means) 52. The first modified ex- 
ample has basically the same configuration as the 
feed-forward amplifier of the first embodiment, ex- 
cept the above point. 

FIG. 10 is a block diagram of a control unit of 
the first modified example according to the first 
embodiment. As shown in FIG. 10, a control unit 
15a has a pilot signal attenuation quantity control 
means 30, a main signal attenuation quantity con- 
trol means 31 and a judging means 53a. 

The judging means 53a is, as shown in FIG. 
11, applied a detected voltage as detected informa- 
tion about an output signal from the output signal 
detector 52 to make a judgement that the main 
signal has been inputted when a detected output 
signal voltage Oy exceeds a second reference val- 
ue O dGt set to a level smaller than an output signal 
level Ovmin at the time of the minimum input in the 
normal operation (that is, a detected voltage when 
an output of the main amplifier 11 is at the lowest 
level). 



The output signal detector 52 and the judging 
means 53a mentioned above form a main signal 
detecting means 54a served to detect an input of 
the main signal. 

5 In FIG. 11, Ovmax represents an output signal 

level when an input is at the maximum le>vel in the 
normal operation, that is a detected voltage when 
an output of the main amplifier 11 is at the maxi- 
mum level. Ovatt represents a voltage obtained by 

w detecting an output signal of a level in which the 
maximum attenuation quantity of the main signal 
attenuator has been reduced in the initial operation, 
that is, an output signal level at the time of the 
minimum input level in a state of the initial opera- 

75 tion. 

As shown in FIG. 1 1 , a second reference value 
O de t is set to a value smaller than an output signal 
level at the time of the minimum input in the initial 
operation. Whereby, the judging means 53a can 

20 make a judgement that the main signal was input- 
ted at an appropriate time to reach the minimum 
input level in the initial operation. 

When the power source start-up detector 16 
detects a start-up of the power source of the main 

25 amplifier 11, the pilot signal attenuation quantity 
control means 30 so controls the pilot signal at- 
tenuator 21 as to gradually decrease an attenuation 
quantity of the pilot signal, as same as in the first 
embodiment. When the judging means 53a judges 

30 that the main signal has been inputted after the 
pilot signal attenuation quantity control means 30 
initiated a decreasing operation of the attenuation 
quantity of the pilot signal, the main signal attenu- 
ation quantity control means 31 so controls the 

35 input signal attenuator 18 as to gradually decrease 
an attenuation quantity of the main signal, as also 
same as in the first embodiment. 

An operation of the first modified example with 
the above configuration of the feed-forward am- 

40 plifier according to the first embodiment of this 
invention will be now described, referring to a 
flowchart shown in FIG. 12. 

First, when the power source start-up detector 
1 6 detects a throw-on of the power source of the 

45 amplifier (Step E1), ah initialization is executed 
(Step E2), and the pilot signal generator 12 gen- 
erates a pilot signal (Step E3). 

The pilot signal is attenuated by the pilot signal 
attenuator 21, then inputted to the main amplifier 

so 1 1 . An attenuation quantity of the pilot signal is so 
controlled by the pilot signal attenuation quantity 
control means 30 as to be at the maximum when 
generated, gradually decreased thereafter. 

A signal from the auxiliary amplifier 26 and a 

55 signal from the delay unit 27 are composed, there- 
by cancelling components except those of the main 
signal, that is, distortion components generating in 
the main amplifier 1 1 and the pilot signal. 

13 



.0685931 A1_I_> 



25 EP 0 685 931 A1 26 



The control unit 15a sets an initial value that is 
optimal for the cancellation control of the main 
signal (Step E4). More specifically, the control unit 
15a sets a phase shifting value for the phase shifter 
19 and an attenuation value to the variable at- 5 
tenuator 20, thereby carrying out the most effi- 
ciently the main signal cancellation control at the 
composing point in the front stage of the main 
signal cancel detector 23. 

The judging means 53a in the control unit 15a 10 
is applied an output signal voltage Ov from the 
output signal detector 52. When this output signal 
voltage O v exceeds the second reference value 
O det (YES route at Step E5), it is judged that the 
main signal has been inputted and the main signal 75 
is raised up (Step E6). 

In other words, the main signal is attenuated by 
the input signal attenuator 18. An attenuation quan- 
tity of the main signal decreased by the input 
signal attenuator 18 is so controlled by the main 20 
signal attenuation quantity control means 31 as to 
be at the maximum when the main signal is raised 
and gradually decreased thereafter. 

In the normal operation state after the above 
steps, a cancelling control of the main signal and 25 
the pilot signal, that is, a feed-forward control, is 
carried out (Step E7). By virtue of this control, 
components except components of the main signal, 
that is, non-linear distortion components generating 
in the main amplifier 1 1 and the components of the 30 
pilot signal are cancelled so that only the main 
signal can be outputted with less noise as an 
output of the apparatus. 

When the output signal voltage Ov outputted 
from the output signal detector 52 is smaller than 35 
the second reference value O de i while the cancel- 
ling control is being conducted on the main signal 
and the pilot signal (NO route at Step E8), the 
judging means 53a judges that the input signal has 
been interrupted (Step E9). The control unit 15a 40 
stops the cancelling control operation on the main 
signal and the pilot signal described above (Step 
E10) although holding the initial values such as a 
shifting value for the variable phase shifter 19, an 
attenuation value for the variable attenuator 20, etc. as 
having been set at Step E4. 

In the feed-forward amplifier according to the 
first modification of the first embodiment, use of 
the output signal detector 52 makes it possible to 
detect an input of the main signal without the input so 
signal detector 17a in order to control the appara- 
tus. This is helpful to diminish the dimensions of 
the apparatus. 



(b2) Description of Second Modification of the First 
Embodiment: 

Next, description will be made of a second 
modified example of the feed-forward amplifier ac- 
cording to the first embodiment of this invention. 
The feed-forward amplifier of the second modifica- 
tion according to the first embodiment has substan- 
tially the same configuration shown in FIG. 9. A 
different point of the second modified feed-forward 
amplifier from the first modified feed-forward am- 
plifier is that a judging means 53b in a control unit 
15b judges an input of the main signal from, not 
detected information of an output signal supplied 
from the output signal detector 52, but detected 
information of the main signal cancelling signal 
supplied from the main signal cancel detector 23. 
The other elements are basically the same. 

FIG. 13 is a block diagram of a control unit in 
the second modified feed-forward amplifier accord- 
ing to the first embodiment of this invention. As 
shown in FIG. 13, the control unit 15b has a pilot 
signal attenuation quantity control means 30, a 
main signal attenuation quantity control means 31 
and a judging means 53b, which have substantially 
the same functions as the feed-forward amplifier 
according to the first embodiment described 
hereinbefore. 

The judging means 53b is, as shown in FIG. 
14, applied a main signal cancelling signal Cy de- 
tected by the main signal cancel detector 23. The 
judging means 53b judges that the main signal has 
been inputted when the main signal cancelling sig- 
nal Cv exceeds a third reference value C det at a 
level smaller than a signal cancelling marginal level 
Cvmin at the time of the minimum input in the 
normal operation. 

In FIG. 14, C b represents a detector output 
voltage of a floor noise outputted from the main 
signal cancel detector 23. 

The above judging means 53b and the main 
signal cancel detector 23 form a main signal de- 
tecting means 54b which detects an input of the 
main signal. 

An operation of the second modified feed-for- 
ward amplifier according to the first embodiment of 
this invention with the above configuration will be 
next described, referring to a flowchart shown in 
FIG. 15. 

When the power source start-up detecting 
means 16 detects a throw-on of the power source 
of the apparatus (Step F1), an initialization of the. 
apparatus is executed (Step F2). The pilot signal 
generator 12 then generates a pilot signal (Step 
F3). 

The pilot signal is attenuated by the pilot signal 
attenuator 21. then fed to the main amplifier 11. An 
attenuation quantity of the pilot signal decreased 
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by the pilot signal attenuator 21 is so controlled by 
the pilot signal attenuation quantity control means 
30 as to be at the maximum when generated, then 
gradually decreased thereafter. 

The control unit 15b sets an initial values at an 
optimal point for the main signal cancelling control 
(Step F4). More specifically, the control unit 15b 
sets a phase shifting value for the phase shifter 19 
and an attenuation value for the variable attenuator 
20 to respective optimal points, thereby conducting 
the most effectively the main signal cancelling con- 
trol in a composing point in the front stage in the 
main signal cancel detector 23. 

The judging means 53b in the control unit 15b 
is applied a main signal cancelling signal Cy from 
the main signal cancel detector 23 to judge that the 
main signal has been inputted when a value of the 
main signal cancelling signal C v exceeds the third 
reference value C det (YES route at Step F5), then 
detects a rise of the main signal (Step F6j. 

The inputted main signal is attenuated by the 
input signal attenuator 18. An attenuation quantity 
of the main signal decreased by the input signal 
attenuator 18 is so controlled by the main signal 
attenuation quantity control means 31 as to be at 
the maximum when generated, then gradually de- 
creased thereafter. 

In the normal operation state after the above 
process, a cancelling control of the main signal and 
the pilot signal, that is, a feed-forward control, is 
conducted (Step F7). Whereby, components except 
components of the main signal, that is, non-linear 
distortion components generating in the main am- 
plifier 1 1 and components of the pilot signal, are 
cancelled so that the main signal can be outputted 
as an output of the apparatus in a state with less 
noise. 

If the main signal cancelling signal C v becomes 
a smaller value than the third reference value C det 
supplied from the main signal cancel detector 23 
while the cancelling control is being conducted on 
the main signal and the pilot signal (NO route at 
Step F8), the judging means 53b judges that the 
input signal has been interrupted (Step F9). The 
control unit 15b stops the cancelling control opera- 
tion of the main signal and the pilot signal de- 
scribed above (Step F10). although holding initial 
setting values such as a phase shifting value for 
the variable phase shifter 19, an attenuation quan- 
tity for the variable attenuator 20 and the like 
having been set at Step F4. 

In the second modified feed-forward amplifier 
according to the first embodiment of this invention, 
use of the main signal cancel detector 23 enables 
detection of an input of the main signal without the 
input signal detector 17a, further enabling a control 
of the apparatus and a decrease in dimensions of 
the apparatus. 



(b3) Description of Third Modification of the First 
Embodiment: 

Next, description will be made of a third modi- 
5 fied example of the feed-forward amplifier accord- 
ing to the first embodiment of this invention. The 
third modified feed-forward amplifier according to 
the first embodiment has substantially the same 
configuration shown in FIG. 9. A different point of 
io the third modified examples from the first and 
second modified feed-forward amplifiers is that a 
control unit 15c carries out a control in a different 
mode: Another elements are basically the same as 
the first and the second modified examples. 
is FIG. 16 is a block diagram of the third modified 

feed-forward amplifier according to the first em- 
bodiment of this invention. In FIG. 16, the control 
unit 15c comprises judging means 53c and 53d, an 
initial operation control unit 55 and a main control 
20 unit 56. 

The judging means 53c is applied the main 
signal cancelling signal from the main signal cancel 
detector 23 in an initial state immediately after a 
star-up of the power source to judge that the main 
25 signal has been inputted when the detected main 
signal cancelling signal exceeds a fourth reference 
value C dGt set to a level smaller than the signal 
cancelling marginal level at the time of the mini- 
mum input. 

30 The judging means 53d is applied an output 

signal detected by the output signal detector 52 in 
the normal operation to judge that the main signal . 
has been inputted when the output signal exceeds 
a fifth reference value O det set to a level smaller 

35 than an output signal level at the time of the 
minimum input. 

Here, an input of the main signal is judged by 
the judging means 53c, not the judging means 53d, 
in the initial state. A reason of the above is that the 

40 fifth reference value O det that is an input detecting 
point being set under a condition of Ovatt>O de t>O b 
by the judging means 53d is occasionally unstable 
since the input signal attenuator 18 is at the maxi- 
mum, causing a small voltage difference between 

45 Ovatt and O b . Here, O b represents a detector output 
voltage of a floor noise outputted from the output 
signal detector 52. 

In the normal operation, the main signal is 
detected by the judging means 53d, not the judg- 

50 ing means 53c. In the detection by the judging 
means 53d, it is possible to set the fifth reference 
value O det stably since an attenuation quantity for 
the input signal attenuator 18 is at the minimum, a 
difference in voltage between Ovatt and O b being 

55 thus large. In contrast, the main signal cancelling 
control is so conducted as to always minimize Cv 
in the detection by the judging means 53c. As 
above, use of the judging means 53d enables more 
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stable detection of the main signal. 

The judging means 53c and the main signal 
cancel detector 23 form a first main signal detect- 
ing means 54c, while the judging means 53d and 
the output signal detector 52 form a second main 5 
signal detecting means 54d. 

After the power source start-up detector 16 
detected a start-up of the power source of the main 
amplifier 11, the initial operation control unit 55 so 
controls, with use of results of the judgements 10 
made by the power source detector 16 and the 
judging means 53c as timing information, the pilot 
signal attenuator 21 as to gradually decrease an 
attenuation quantity of the pilot signal. After the 
attenuation quantity of the pilot signal has been 75 
gradually decreased by the pilot signal attenuator 
21, the initial operation control unit 55 so controls 
the input signal attenuator 18 as to gradually de- 
crease an attenuation quantity of the main signal. 

The initial operation control unit 55 outputs a 20 
control signal to the variable phase shifter 19 and 
the variable attenuator 20 to set initial values for 
the main signal cancelling control to an optimal 
point in an input awaiting state upon a throw-on of 
the power source. 25 

The main control unit 56 outputs a control 
signal to the variable phase shifters 1 9,24, and the 
variable attenuators 20,25 to control the distortion 
extracting loop circuit 13, the distortion eliminating 
loop circuit 14 after a control by the initial operation 30 
control unit 55, while watching a failure condition of 
the main amplifier 1 1 on the basis of a result of the 
detection by the judging means 53d. 

An operation of the third modified feed-forward 
amplifier according to the first embodiment of this 35 
invention will be next described, referring to a 
flowchart shown in FIG. 17. 

When the power source start-up detector 16 
detects a throw-on of the power source of the 
apparatus (Step G1), an intialization for the appara- 40 
tus is executed (Step G2). After the intialization, the 
pilot signal generator 12 generates the pilot signal 
(Step G3). The pilot signal is attenuated by the 
pilot signal attenuator 21, then fed to the main 
amplifier 11. An attenuation quantity of the pilot 45 
signal is controlled by the initial operation control 
unit 55 so as to be at the maximum when gen- 
erated, then gradually decreased thereafter. 

The initial operation control unit 55 sets initial 
values for an optimal point in the main signal 50 
cancelling control (Step G4). 

The judging means 53c is applied the main 
signal cancelling signal Cv from the main signal 
cancel detector 23. When the main signal cancel- 
ling signal Cv exceeds the fourth reference value 55 
C det that has been set (YES route at Step G5), the 
judging means 53c judges that the main signal has 
been inputted, arid raises the main signal (Step 



G6). 

More specifically, the inputted main signal is 
attenuated by the input signal attenuator 18. An 
attenuation quantity of the main signal attenuated 
by the input signal attenuator 18 is so controlled by 
the initial operation control unit 55 as to be at the 
maximum when raised, then gradually decreased 
thereafter. 

In the normal operation after the initial control, 
the cancelling control of the main signal and the 
pilot signal, that is, a feed-forward control* is car- 
ried out under a control by the main control unit 56 
(Step G7). By virtue of the cancelling control of the 
main signal and the pilot signal, components ex- 
cept components of the main signal, that is, non- 
linear distortion components generating in the main 
amplifier 11 and components of the pilot signal, are 
cancelled so that the main signal can be outputted 
as an output of the apparatus in a state with less 
noise. 

When the output signal voltage Oy applied to 
the judging means 53d drops below the fifth refer- 
ence value O det while the cancelling control is 
being conducted on the main signal and the pilot 
signal (NO route at Step G8), the judging means 
53d judges that the input signal has been inter- 
rupted (Step G9). The control unit 15a stops the 
cancelling operation of the main signal and the pilot 
signal (Step G10). 

In the. third modified feed-forward amplifier ac- 
cording to the first embodiment of this invention, it 
is possible to highly accurately detect an input of 
the main signal with use of the man signal cancel 
detector 23 and the output signal detector 52 with- 
out the input signal detector 17a f thereby reducing 
dimensions of the apparatus and improving the 
performance of the same. 

(b4) Description of Fourth Modification of the First 
Embodiment: 

FIG. 18 is a block diagram of a control unit of a 
fourth modified example of the feed-forward am- 
plifier according to the first embodiment of this 
invention. As shown in FIG. 18, the fourth modified 
feed-forward amplifier has substantially the same 
configuration as the third modification mentioned 
above, excepting that there is provided a failure 
alarming means 57 which outputs information that 
the main amplifier 11 is in trouble during a control 
by the main control unit 56 according to results of 
the detection by the first main signal detecting 
means 54c and the second main signal detecting 
means 54d. Another elements are basically the 
same as the third modification. 

The fourth modified amplifier according to the 
first embodiment of this invention with such con- 
figuration operates as shown in a flowchart in FIG. 



16 



EP 0685931 A1 I > 



J 



31 



EP 0 685 931 A1 



32 





19. 

Namely, processes from a detection of a throw- 
on of the power source of the apparatus by the 
power source start-up detector 16 (Step H1) to a 
cancelling control of the main signal and the pilot 5 
signal under a control by the main control unit 56 
in the normal operation (Step H7) are carried out as 
same as in the firth modification of the first em- 
bodiment described herein before. 

If the judging means 53d judges that a value of 10 
an output signal voltage O v is smaller than the fifth 
reference value O det while the cancelling control of 
the main signal and the pilot signal is being con- 
ducted (NO route at Step H8), the judging means 
53c compares the main signal cancelling signal Cy 15 
applied from the main signal cancel detector 23 
with the fourth reference value C^, (Step H9). 

If a value of the main signal cancelling signal 
Cy is larger than the fourth reference value C det - 
(YES route at Step H9), it means that the judging 20 
means 53c detects an input of the main signal 
although the judging means 53d detects no input of 
the main signal. It is, therefore, judged that the 
main amplifier 11 is in trouble so that information 
about the trouble is outputted to the failure alarm- 25 
ing means 57 (Step H10). 

When a value of the main signal cancelling 
signal Cy becomes smaller than a value of the 
fourth reference value C de , (NO route at Step H9), it 
is judged that the input signal has been interrupted 30 
:(StepuH1 1). The control unit 15a stops the cancel- 
ling control operation on the main signal and the 
ipilot signal (Step H12). 

As above, in the fourth modified feed-forward 
amplifier according to the first embodiment of this 35 
invention, use of the main signal cancel detector 
23, the output signal detector 52 and the failure 
alarming means 57 enables highly accurate detec- 
tion of the main signal even without the input signal 
detector 17a while watching a failure of the appara- 40 
tus, thus contributing a reduction in dimensions, 
and improvement in performance and reliability of 
the apparatus. 

(b5) Description of Fifth Modification of the First 45 
Embodiment: 

Next description will be of a fifth modified 
example of the feed-forward amplifier according to 
the first embodiment of this invention. The fifth 50 
modified feed-forward amplifier has substantially 
the same configuration shown in FIG. 9 as the third 
modification of the first embodiment, except a 
mode of a control conducted by a control unit 1 5e. 

In practice, the third modified feed-forward am- 55 
plifier uses the fourth reference value C de t when the 
judging means 53c judges an input of the main 
signal. In contrast, in the fifth modification, the 



judging means 53c in the control unit 15e judges 
an input of the main signal on the basis of the main 
signal cancelling signal in a different mode. 

More specifically, in the fifth modification, the 
judging means 53c judges an input of the main 
signal when the main signal cancelling signal de- 
tected by the main signal cancel detector 23 ex- 
ceeds a sixth reference value (>C det ) that has 
been set to a level smaller than a level at the time 
of the initial operation C mln ' (>C min ) where the main 
signal cancelling signal has shifted from the signal 
cancelling marginal level at the time of the mini- 
mum input to a larger level, as shown in FIG. 21. 
Another elements are basically the same. 

The judging means 53d judges that the main 
signal has been inputted when an output signal 
detected by the output signal detector 52 exceeds 
a seventh reference value O det that has been set to 
a level smaller than an output signal level at the 
time of the minimum input, as shown in FIG. 20, as 
same as in the third modification described before. 

The judging means 53c and the main signal 
cancel detector 23 mentioned above form a third 
main signal detecting means which detects the 
main signal cancelling signal, and judges an input 
of the main signal when the main signal cancelling 
signal exceeds the sixth reference value C de ,\ On 
the other hand, the judging means 53d and the 
output signal detector 52 form a fourth main signal 
detecting means which detects an output signal, 
and judges an input of the main signal when the ' 
output signal exceeds the seventh reference value 
O de t f . 

In FIG. 20, Oymax represents a detected voltage 
corresponding to an output signal level O pmax at the 
time of the maximum input in the normal operation, 
Ovmin represents a detected voltage corresponding 
to an output signal level O pmjn at the time of the 
minimum input in the normal operation, and O b 
represents a detector output voltage of a floor 
noise detected by the output signal detector 52. 

The initial operation control unit 55 uses results 
of the detection conducted by the power source 
start-up detector 16 and the judging means 53 as 
timing information. When the judging means 53c 
judges an input of the main signal, the initial opera- 
tion control unit 55 alters a control setting mode in 
the variable phase shifter 19 and the variable at- 
tenuator 20 so that an initial operation level C min 
becomes a signal cancelling marginal level Cv ml „ at 
the time of the minimum input Under such con- 
dition, the initial operation control unit 55 so con- 
trols the pilot signal attenuator 21 as to gradually 
decrease an attenuation quantity of the pilot signal 
after the start-up of the power source of the main 
amplifier 11. After the pilot signal attenuator 21 has 
decreased the attenuation quantity of the pilot sig- 
nal, the initial operation control unit 55 so controls 
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the pilot signal attenuator 21 and the input signal 
attenuator 18 as to gradually decrease an attenu- 
ation quantity of the main signal- 
In other words, by outputting the control signal 
to the variable phase shifter 19 and the variable 5 
attenuator 20, the initial operation control unit 55 
shifts a setting value from an optimal point for the 
main signal cancelling control in an input awaiting 
state at the time of the throw-on of the power 
source, then sets again the initial value for the main io 
signal cancelling control to the optimal point after 
the detection of an input of the main signal. 

In an initial state immediately after the signal 
input, the main signal cancelling signal Cv gets 
greater so that it is possible to obtain a large 75 
difference in voltage between a threshold value 
C det for the input detection and C b . At the same 
time, an attenuation quantity of the input signal 
attenuator 18 is at the maximum so that distortion 
in a transmitted output is not increased. This en- 20 
ables more stable input detection in the initial state. 

After the control by the initial operation control 
unit 55, the main control unit 56 controls the distor- 
tion extracting loop circuit 13 and the distortion 
eliminating loop circuit 14 on the basis of a result 25 
of the detection by the judging means 53d, while 
watching a failure condition of the main amplifier 
11. The fifth modified feed-forward amplifier ac- 
cording to the first embodiment of this invention 
with the above configuration operates as shown in 30 
a flowchart in FIG. 22. 

As same as in the third modification described 
hereinbefore, the power source detector 16 detects 
a start-up of the power source of the apparatus 
(Step J1), then the intialization is implemented 35 
(Step J2). The pilot signal generator 12 generates 
the pilot signal (Step J3). 

The initial operation control unit 55 sets an 
initial value deviating from an optimal point for the 
main signal cancelling control (Step J4). More spe- 40 
cifically, the initial operation control unit 55 obtain a 
large main signal cancelling signal Cy detectedby 
the main signal cancelling detector 23, by setting 
the phase shifting value for the variable phase 
shifter 19 and the attenuation value for the variable 45 
attenuator 20 deviating from the respective optimal 
points. 

The judging means 53c is applied the main 
signal cancelling signal Cv from the main signal 
cancel detector 23. When the main signal cancel- 50 
ling signal Cv exceeds the sixth reference value 
C det ' that has been stably set (YES route at Step 
J5), the initial operation control unit 55 again sets 
the phase shift value for the variable phase shifter 
19 and the attenuation value for the variable at- 55 
tenuator 20 to the respective optimal points (Step 
J6), judges that the main signal has been inputted, 
then raises the main signal (Step J7). 



931 A1 34 



The inputted main signal is attenuated by the 
input signal attenuator 18. An attenuation quantity 
of the main signal to be attenuated by the input 
signal attenuator 18 is so controlled by the initial 
operation control unit 55 as to be at the maximum 
at the time of a rise of the main signal, then 
gradually decreased thereafter. 

In the normal operation condition after the 
above control, as same as the above-mentioned 
third modified example, a cancelling control of the 
main signal and the pilot signal, that is, a feed- 
forward control is carried out under a control of the 
main control unit 56 (Step J8). Whereby, compo- 
nents except components of the main signal, that 
is, non-linear distortion components generating in 
the main amplifier 11 and components of the pilot 
signal, are cancelled so that the main signal can be 
outputted as an output of the apparatus in a state 
with less noise. 

In the case where the judging means is applied 
an output signal voltage Ov from the output signal 
detector 52 while the cancelling control of the main 
signal and the pilot signal is being conducted, if the 
output signal voltage Ov becomes smaller than the 
fifth reference -value O det (NO route at Step J9) f the 
judging means 53d judges that the input signal has 
been interrupted (Step J10). The control unit 15a 
stops the cancelling control of the main signal and 
the pilot signal above described (Step J11). 

As above, in the fifth modified feed-forward 
amplifier according to the first embodiment of this 
invention, use of the main signal cancel detector 23 
and the output signal detector 52 enables a detec- 
tion of an input of the main signal with a noticeably 
high-accuracy without employing the input signal 
detector 17a. This further contributes a reduction in 
dimensions and improvement in performance of the 
apparatus. 

(B6) Description of Sixth Modification of the First 
Embodiment: 

FIG. 23 is a block diagram of a control unit in a 
sixth modified example of the feed-forward am- 
plifier according to the first embodiment of this 
invention. As shown in FIG. 23, the sixth modified 
feed-forward amplifier has basically the same con- 
figuration as the fifth modification, except that there 
is provided a failure alarming means which outputs 
information of a failure of the main amplifier ac- 
cording to a result of the detection by the third 
main signal detecting means and the fourth main 
signal detecting means during a control by the 
main control unit 56. 

The judging means 53c in the control unit 15e 
judges whether the main signal has been inputted 
or not on the basis of the main signal cancelling 
signal supplied from the main signal cancel detec- 
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tor 23 if the judging means 53d does not judge an 
input of the main signal during an operation of the 
main control unit 56. The judging means 53c has a 
switching means 58 switching the reference value 
used for a reference for the above judgement be- 
tween the sixth reference value and an eighth refer- 
ence value. 

With the above configuration, the sixth modi- 
fied feed-forward amplifier according to the first 
embodiment of this invention operates as shown in 
a flowchart in FIG. 24. 

As same as in the fifth modification according 
to the first embodiment, there is executed the 
process from a step to detect a throw-on of the 
power source of the amplifier by the power source 
start-up detector 16 (Step K1) to a step to control 
cancellation of the main signal and the pilot signal 
under a control of the main control unit 56 in the 
normal operation condition (Step K8). 

While the cancelling control of the main signal 
and the pilot signal is being conducted in the 
normal operation condition, when the judging 
means 53d judges that an output signal voltage Oy 
is smaller than the seventh reference value CW - 
(NO route in Step K9), the judging means 53c 
compares the main signal cancelling signal Cv sup- 
plied from the main signal cancel detector 23 with 

• the eight reference value C det that has been 
■ switched over from the sixth reference value by the 

■*-U switching means 58 (Step K1 0). 

* ' • If the main signal cancelling signal C v becomes 

larger than the eighth reference value C det (YES 
route at Step K10), the judging means 53c detects 
an input of the main signal although the judging 
means 53d detects no input of the main signal. 
This is judged that the main amplifier 11 is in 
trouble so that the failure alarming means 57 out- 
puts information of the trouble (Step K11). 

If the main signal cancelling signal Cv becomes 
smaller than the eighth reference value C det (NO 
route at Step K10), it is judged that the input signal 
has been interrupted (Step K12), and the control 
unit 15e stops an operation for the cancelling con- 
trol of the main signal and the pilot signal (Step 
K13). 

As above, in the sixth modified feed-forward 
amplifier according to the first embodiment, use of 
the main signal cancel detector 23, the output 
signal detector 52 and the failure alarming means 
57 enables a noticeably high-accurate detection of 
an input of the main signal without employing the 
input signal detector 17a while watching a failure of 
the amplifier, contributing a reduction in dimen- 
sions, and improvement in reliability and perfor- 
mance of the apparatus. 55 



(c) Description of Second Embodiment: 

A feed-forward amplifier according to a second 
embodiment has basically the same configuration 
5 as the feed-forward amplifier of the first embodi- 
ment, except that there is provided a control unit 
15A functioning differently from the control unit 15 
in the feed-forward amplifier according to the first 
embodiment. 

io FIG. 25 is a block diagram of the control unit in 

the feed-forward amplifier of the second embodi- 
ment. The control unit 15A shown in FIG. 25 com- 
prises a pilot signal attenuation quantity control 
means 30A, a main signal attenuation quantity con- 
75 trol means 31 A and a judging means 17b having 
the same function as the judging means according 
to the first embodiment. 

The pilot signal attenuation quantity control 
means 30A detects a start-up of the power source 
20 of the main amplifier 11. If the judging means 17b 
judges that the main signal has been inputted as 
an input signal, the pilot signal attenuation quantity 
control means 30A so controls the pilot signal 
attenuator 21 as to gradually decrease an attenu- 
25 ation quantity of the pilot signal. 

The main signal attenuation quantity control 
means 31 A so control the input signal attenuator 18 
as to gradually decrease an attenuation quantity of 
the main signal after the pilot signal quantity con- 
30 trol means 30A has decreased an attenuation quan- 
tity of the pilot signal. 

An operation of the feed-forward amplifier of a 
type preventing unwanted waves from generating 
in the initial operation with the above configuration 
35 according to the second embodiment will be de- 
scribed, referring to a timing chart shown in FIGS. 
27A through 27E and a flowchart shown in FIG. 26. 

When the power source start-up detector 16 
throws a power source of the main amplifier 1 1 to 
40 •on* (referring to time A in FIGS. 27A through 27C 
at Step B1 in FIG. 26), the control unit 15 carries 
out an intialization to set control information for a 
feed-forward control for the apparatus (Step B2). 
More specifically, in order to prevent unwanted 
45 waves from generating in a transient condition of 
the apparatus immediately after the throw-on of the 
power source, the control unit 1 5 sets attenuation 
quantities for the input signal attenuator 18 and the 
pilot signal attenuator 21 to respective large values 
so (referring to time A in FIGS. 27A through 27C). 

At the time of throw-on of the power source of 
the main amplifier 11, a pilot signal generator 12 is 
outputting a pilot signal. This pilot signal is at a 
sufficiently lower level than, for example, a spur- 
ious tolerable level allowed by the Wireless Teleg- 
raphy Act. since an attenuation quantity for the pilot 
signal attenuator 21 is set sufficiently large (refer- 
ring to time A in FIG. 27B). 
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Until the input signal detector 17a detects an 
input of the main signal as an input signal, the 
control unit 15 controls a variable phase shifter 24 
and a variable attenuator 25 referring to detection 
information of the pilot signal supplied from the 5 
pilot signal cancel detector 28, thereby carrying out 
a cancelling control of the pilot signal (Step B). 

When the input signal detector 17a detects an 
input of the main signal as an input (YES route at 
Step B4 in FIG. 26), an attenuation quantity of the io 
pilot signal attenuator 21 is decreased under a 
control of the pilot signal attenuation quantity con- 
trol means 30A (Step B5, referring to time B in FIG. 
27A), and the control unit 15 controls the variable 
phase shifter 24 and the variable attenuator 25 to 75 
conduct a cancelling control of the pilot signal, 
referring to detected information about the pilot 
signal supplied from the pilot signal cancel detector 
28 (Step B6). 

When the main signal is inputted as an input 20 
signal, the operation of the pilot signal attenuator 
21 causes a level of the pilot signal as an appara- 
tus output to be increased (referring to time B in 
FIG. 27B), followed by a cancelling control of the 
pilot signal. Therefore, if an input level to the main 25 
amplifier 11 is increased, an output does not ex- 
ceed the spurious tolerable level since the pilot 
signal is cancelled by virtue of the following cancel- 
ling control of the pilot signal. At this point of time, 
an attenuation quantity of the input signal attenua- 30 
tor 18 is set at a large value. The main signal 
outputted as an apparatus output is, therefore, sup- 
pressed to a: low, level (referring to time B in FIG. 
27D). 

The cancelling control of the pilot signal is 35 
continued by gradually decreasing an attenuation 
quantity of the pilot signal attenuator 21 until an 
attenuation quantity of the pilot signal attenuator 21 
reaches the minimum (from NO route at Step B7 to 
Steps B5-B6 in FIG. 26, referring to time B-C in 40 
FIG. 27A). 

If an attenuation quantity of the pilot signal 
attenuator 21 reaches the minimum thereafter (YES 
route at Step B7), control of the main signal attenu- 
ation quantity control means 31 A causes an attenu- 45 
ation quantity of the input signal attenuator 1 8 to be 
decreased (Step B8 in FIG. 26, referring to time C 
in FIG. 27C). The control unit 15 controls the vari- 
able phase shifter 19 and the variable attenuator 20 
to cancel the main signal, referring to detection 50 
information about the main signal supplied from the 
main signal cancel detector 23 (Step B9). 

As a result, a level of the main signal to be 
outputted as an apparatus output may be increased 
(referring to time G in FIG. 27D). On the other 55 
hand, components of non-linear distortion contain- 
ed in the apparatus output may be suppressed to a 
sufficiently lower level than the tolerable level by 



virtue of the cancelling control of the main signal 
(referring to time C in FIG. 27E). 

Next, a cancelling control on the main signal is 
carried out by gradually decreasing an attenuation 
quantity of the input signal attenuator 18 until an 
attenuation quantity of the input signal attenuator 
18 reaches the minimum (from NO route at Step 
B10 to Steps B8-B9 in FIG. 26, referring to time C- 
D in FIG. 27C). 

If an attenuation quantity of the main signal 
attenuator 18 becomes the minimum thereafter 
(YES route at Step B10 in FIG. 26, referring to time 
D in FIG. 27C), the cancelling control of the pilot 
signal and the main signal, that is, the feed-forward 
control, is continuously conducted, as same as the 
process at Step B6 and Step B9 described before 
(StepB11). 

Through the above steps, attenuation quantities 
of the pilot signal attenuator 21 and the input signal 
attenuator 18 become the minimum (referring to 
time D in FIGS. 27A and 27B). The pilot signal and 
the main signal as an apparatus output may be 
outputted in a stable state (referring to time D in 
FIGS. 27B and 27D). The components of the non- 
linear distortion contained in the apparatus output 
may be suppressed to a sufficiently lower level 
than the tolerable level (referring to time D in FIG. 
27E). 

As above, in the feed-forward amplifier accord- 
ing to the second embodiment of this invention, the 
output control of the pilot signal and the main 
signal during, the initial operation is conducted in 
the front stage of ; the vmaih' amplifier 11, in other 
words, in a state of a small power before amplified 
so that it is possible to decrease a loss in the 
course from the output of the main amplifier 1 1 to 
the output of the apparatus, further decreasing a 
power consumption in the apparatus. 

(d) Description of Third Embodiment: 

FIG. 28 is a block diagram of a feed-forward 
amplifier according to a third embodiment of this 
invention. In FIG. 28, the feed-forward amplifier 
according to the third embodiment has basically 
the same configuration as the feedforward amplifi- 
ers according to the first and second embodiments, 
except that the pilot signal attenuator 21 B is posi- 
tioned in the main signal, path in the front stage of 
the main amplifier 11, included in a distortion ex- 
tracting loop circuit 13B. 

The distortion extracting loop circuit 13B com- 
prises a variable phase shifter 19, a variable at- 
tenuator 20, a pilot signal attenuator 21 B, a main 
amplifier 11 and a delay unit 22. 

In the feed-forward amplifier of the third em- 
bodiment with the above configuration, an output 
control of the pilot signal and the main signal 
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during the initial operation is carried out in the front 
stage of the main amplifier 1 1 to reduce a loss in 
the course from the output of the main amplifier 1 1 
to the apparatus output, as same as in the first and 
second embodiments. 5 

According to the feed-forward amplifier of the 
third embodiment of this invention, the output con- 
trol of the pilot signal and the main signal is carried 
out in the front stage of the main amplifier 11, that 
is, in a state of a less power before amplified so io 
that a loss in the course from the output of the 
main amplifier 11 to the apparatus output, further 
reducing a power consumption in the apparatus. 



(e) Description of Fourth Embodiment: 
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FIG. 29 is a block diagram of a feed-forward 
amplifier according to a fourth embodiment of this 
invention. The feed-forward amplifier according to 
the fourth embodiment of this invention has a fea- 20 
ture that a control over the input signal attenuator 
18 and the pilot signal attenuator 21 is carried out 
by, not a software but a hardware, when. compared 
with the first to third embodiments. 

More specifically, reference numeral 16C de- 25 
notes a power-on reset circuit as a power source 
start-up detecting means. The power-on reset cir- 
cuit 16C detects a start-up of the power source of 
the main amplifier 11, and outputs a signal to 
selectors 32 and 35, which will be described later. 30 

Reference numeral 17C denotes a main signal 
detecting circuit as a main signal detecting means. 
The^main signal detecting circuit 17C detects an 
input of a main signal as an input signal, and 
outputs a result of this detection to the selector 35. 35 

An input signal attenuator 1 8 can attenuate the 
main signal as an input signal on the basis of 
control information supplied from a control circuit 
(control unit) 38. The input signal attenuator 18 
increases an attenuation quantity when a control 40 
voltage inputted thereto is small. 

A pilot signal attenuator 21 B can attenuate a 
pilot signal on the basis of control information sup- 
plied from the control circuit 38. The pilot signal 
attenuator 21 B increases an attenuation quantity 45 
when a control voltage inputted thereto is small. 

As seen from the above description, the control 
circuit 38 controls the input signal attenuator 18 
and the pilot signal attenuator 21 B. The control 
circuit 38, therefore, has a pilot signal attenuation 50 
quantity control circuit 39 and a main signal attenu- 
ation quantity control circuit 40. 

When the power-on reset circuit 16C detects a 
start-up of a power source of a main amplifier 11 
and the main signal detecting circuit 17C detects 55 
an input of the main signal, the pilot signal attenu- 
ation quantity control circuit 39 so controls the pilot 
signal attenuator 21 B as to gradually decrease an 



attenuation quantity of the pilot signal. The pilot 
signal attenuation quantity control circuit 39 in- 
cludes a pilot signal control unit 36 and a first time- 
constant circuit 37. 

When applied information of a start-up of the 
power source from the power-on reset circuit 16C 
and detected information of an input of the main 
signal from the main signal detecting circuit 17C 
through a selector 35, the pilot signal control unit (a 
first switch-type control circuit) 36 so controls, in 
coorporation with the first time-constant circuit 37, 
the pilot signal attenuator 21 B as to gradually de- 
crease an attenuation quantity of the pilot signal. 
The pilot signal control unit 36 includes two switch- 
es SWa and SWb. 

When the main signal detecting circuit 17C 
detects an input of the main signal after the pilot 
signal attenuation quantity control circuit 39 has 
initiated an operation to decrease an attenuation 
quantity of the pilot signal, the main signal attenu- 
ation quantity control circuit 40 so controls the 
input signal attenuator 18 as to gradually decrease 
an attenuation quantity of the main signal. The 
main signal attenuation quantity control circuit 40, 
therefore, has an input signal control unit 33 and a 
second time-constant circuit 34. 

The input signal control unit (a second switch- 
type control circuit) 33 is applied information that a 
attenuation quantity of the pilot signal has been 
decreased by the pilot signal control unit 36 and 
the first time-constant circuit 37 and information of 
a start-up of the power source from the power-on 
reset circuit 16C through a selector 32. The input 
signal control unit 33, in cooperation with the sec- 
ond time-constant circuit 34, so controls the input 
signal attenuator 18 as to gradually decrease an 
attenuation quantity of the main signal. The input 
signal control unit 33 includes two switches SWa* 
and SWb'. 

The control unit 15C does not conduct a con- 
trol of an attenuation quantities of the input signal 
attenuator 18 and the pilot signal attenuator 21 B. 
but does control variable phase shifters 19,24 and 
variable attenuators 20,25, as same as conventional 
feed-forward amplifiers. - 

The feed-forward amplifier according to the 
four embodiment shown in FIG. 29 also has a 
distortion extracting loop circuit 13B and a distor- 
tion eliminating loop circuit 14 having the same 
functions as those in the feed-forward amplifier of 
the third embodiment, whose configurations and 
operations are quite the same as those of the third 
embodiment, detailed description of which is now 
skipped. 

Description will be next made of an operation 
of the feed-forward amplifier according to the fourth 
embodiment, referring to a flowchart shown in FIG. 
30 and the timechart for the second embodiment 
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shown in FIGS. 27A through 27E. which has been 
referred to in connection with the second embodi- 
ment hereinbefore. 

When the power source of the main amplifier 
1 1 is thrown-on by the power-on reset circuit 16 5 
(Step C1 in FIG. 30. referring to time A in FIGS. 
27A through 27C), the switches SWa.SWa' in the 
input signal control unit 33 and the pilot signal 
control unit 36 in the control circuit 38 are opened, 
while the switches SWb.SWb' are shorted (closed). w 
A small voltage is applied to the input signal at- 
tenuator 18 and the pilot signal attenuator 21 B to 
maximize attenuation quantities thereof (Step C2). 

At a point of time when the power source of 
the main amplifier 11 is thrown-on, the pilot signal 75 
is being outputted from a pilot signal generator 12. 
However, a large attenuation quantity is set to the 
pilot signal attenuator 21 B, an output signal of the 
amplifier is thus kept smaller than a spurious toler- 
able level (referring to time A in FIG. 27B). 20 

Until the main signal detecting circuit 17C de- 
tects an input of the main signal, the control unit 
15C controls the variable phase shifter 24 and the 
variable attenuator 25 to carry out a cancelling 
control of the pilot signal, while referring to de- 25 
tected information of the pilot signal supplied from 
the pilot signal cancel detector 28 (Step C3). 

When the main signal detecting circuit 17C 
detects an input of the main signal as an input 
signal (Step C4 in FIG. 30), the switch SWa in the 30 
pilot signal control unit 36 is made shorted and the 
switch SWb is made opened, whereby an attenu- 
ation quantity of the .pilot signal attenuator 21 B is 
gradually decreased according to a time-constant 
of the first time-constant circuit 37 to input the pilot 35 
signal little by little to the main amplifier 11 up to a 
limit level (Step C5). 

The control unit 15C controls the variable 
phase shifter 19 and the variable attenuator 20 to 
carry out the cancelling control of the main signal, 40 
referring to detected information of the main signal 
supplied from the main signal cancel detector 23 
(Step C6). 

Then, the switch SWa f in the input signal con- 
trol unit 33 is made shorted while the switch SWb' 46 
is made opened, whereby an attenuation quantity 
of the input signal attenuator 18 is gradually de- 
creased according to a time-constant of the second 
time-constant circuit 34 down to a specified value 
(for example, a spurious power allowed by the so 
Wireless Telegraphy Act) to input the main signal 
to the main amplifier 1 1 little by little (Step C7). 

When an attenuation quantity of the third time- 
constant circuit 34 reaches the specified value, the 
cancelling control of the pilot signal and the main 55 
signal, that is, a feed-forward control, is succes- 
sively carried out, as same as in processes at Step 
3 and Step 6 (Step C8). 



As a result, attenuation quantities of the pilot 
signal attenuator 21 and the input signal attenuator 
18 become minimum (referring to time C in FIGS. 
27A and 27C). The pilot signal and the main signal 
are outputted as an apparatus output in a stable 
condition (referring to time C in FIGS. 27B and 
27D). Non-linear distortion components contained 
in the apparatus output are suppressed to a level 
sufficiently smaller than the tolerable level (refer- 
ring to time C in FIG. 27E). 

According to the fourth embodiment, the con- 
trol circuit 38 provided in the front stage in the 
main amplifier 11 controls outputs of the pilot sig- 
nal and the main signal during the initial operation. 
It is, thus, possible to reduce a loss in the course 
from the output of the main amplifier 11 to the 
apparatus output, further reduce a power consump- 
tion of the apparatus. It is also possible to enable 
the initial operation of the feed-forward amplifier 
without unwanted waves above the specified value 
being outputted from the apparatus. 

In the feed-forward amplifier according to this 
embodiment, the pilot signal variable attenuator 
21 B is positioned in the main signal system, but 
the present invention is not limited to this example. 
It is possible to position the pilot signal variably 
attenuator 21 B, for example, somewhere on the 
side of the output of the pilot signal generator 12 
branched from the main signal system in the front 
stage of the- main amplifier 11, as shown in FIG. 
31. 

(f) Description of Fifth - Embodiment: 

FIG. 32 is a block diagram of a feed-forward 
amplifier according to a fifth embodiment of this 
invention. The feed-forward amplifier according to 
the fifth embodiment shown in FIG. 32 has a fea- 
ture that a control over an input signal attenuator 
18 and an pilot signal attenuator 21 is carried out 
by, not a software but a hardware, as same as the 
feed-forward amplifier according to the fourth em- 
bodiment, except for the mode of the control. 

Reference numeral 16C denotes a power-on 
reset circuit as a power source start-up detecting 
means. The power-on reset circuit 16C detects a 
start-up of the power source of a main amplifier 1 1 , 
and outputs a signal to selectors 32,35, which will 
be described later. 

Reference numeral 17C denotes a main signal 
detecting circuit as a main signal detecting means. 
The main signal detecting circuit 17C detects an 
input of a main signal as an input signal, and 
outputs it to the selector 32. 

An input signal attenuator 18 can attenuate the 
main signal as an input signal on the basis of 
control information supplied from a control circuit 
(control unit) 38D. The input signal attenuator 18 
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increases an attenuation quantity of the main signal 
when an inputted control voltage is small. 

A pilot signal attenuator 21 B can attenuate an 
attenuation quantity of a pilot signal on the basis of 
the control information supplied from the control 5 
circuit 38D. The pilot signal attenuator 21 B in- 
creases an attenuation quantity of the pilot signal 
when an input control voltage is small. 

Reference numeral 38D denotes the control 
circuit (a control unit), as described above. The 10 
control circuit 38D controls the input signal at- 
tenuator 18 and the pilot signal attenuator 21 B, 
including a pilot signal attenuation quantity control 
circuit 39D and a main signal attenuation quantity 
control circuit 40D. 75 

When a power-on reset circuit 16C through the 
selector 35 detects a start-up of a power source of 
a main amplifier 11, the pilot signal attenuation 
quantity control circuit 39D so controls the pilot 
signal attenuator 21 B as to gradually decrease an 20 
attenuation quantity of the pilot signal. The pilot 
signal attenuation quantity control circuit 39D in- 
cludes a pilot signal control unit 36 and the first 
time-Gonstant circuit 37. 

With receipt of information of a start-up of the 25 
power source from the power-on reset circuit 16C, 
the pilot signal control unit (a first switch-type con- 
trol circuit) 36, in cooperation with the first time- 
constant circuit 37, so controls the pilot signal 
attenuator 21 B as to gradually decrease an attenu- 30 
ation^quantity of the pilot signal. The pilot signal 
control unit 36 has two switches SWa and SWb. 

When the main signal detecting circuit 17C 
detects an input of the main signal after the pilot 
signal * attenuation quantity control circuit 39 has 35 
initiated an operation to decrease an attenuation 
quantity of the pilot signal, the main signal attenu- 
ation quantity control circuit 40D so controls the 
input signal attenuator 18 as to gradually decrease 
an attenuation quantity of the main signal. The 40 
main signal attenuation quantity control circuit 40D 
has an input signal control circuit 33 and a second 
time-constant circuit 34. 

If the main signal detecting circuit 17C detects 
an input of the main signal before an attenuation 45 
quantity of the pilot signal decreased by the pilot 
signal attenuation quantity control circuit 39 D falls 
below a predetermined value, the main signal at- 
tenuation quantity control circuit 40 D so controls 
the main signal attenuator 18 as to gradually de- so 
crease an attenuation quantity of the main signal 
after an attenuation quantity of the pilot signal 
decreased by the pilot signal attenuation quantity 
control circuit 39D has dropped below the pre- 
determined value. 55 

More specifically, when applied information that 
an attenuation quantity of the pilot signal has been 
dropped by the first switch-type control circuit 36 



and the first time-constant circuit 37 and informa- 
tion that the power source has started from the 
power-on reset circuit 16C through the selector 32, 
an input signal control unit (a second switch-type 
control circuit) 33 so controls, in cooperation with 
the second time-constant circuit 34, the input signal 
attenuator 18 as to gradually decrease an attenu- 
ation quantity of the main signal. The input signal 
control unit 33 has two switches SWa' and SWb'. 

The control unit 1 5C does not control the input 
signal attenuator 18 and the pilot signal attenuator 
21 B, but does control variable phase shifters 19,24 
and variable attenuators 20,25, as same as in the 
conventional amplifiers. 

The feed-forward amplifier shown in FIG. 32 is 
provided with a distortion extracting loop circuit 
13B and a distortion eliminating loop circuit 14 
having the same functions as those in the feed- 
forward amplifier according to the third and fourth 
embodiment mentioned hereinbefore, whose con- 
figurations and operations are quite the same as 
those of the third and fourth embodiment having 
been described hereinbefore, detail description of 
which is now skipped. 

The feed-forward amplifier according to the 
fifth embodiment of this invention with the above 
configuration operates as illustrated in a flowchart 
in FIG. 33 and the timechart in FIGS. 8A through 
8E, which has been referred to in connection with 
the first embodiment. 

When the power-on reset circuit 16 throws the 
power source of the main amplifier 1 1 to 'on' Step 
D1 in FIG. 33, referring to time E in FIGS. 8A 
through 8G), the switches SWa,SWa' of the input 
signal control unit 33 and the pilot signal control 
unit 36 in the control circuit 38D are opened, while 
the switches SWb, SWb' are shorted (closed) to 
maximize attenuation quantities of the input signal 
attenuator 18 and the pilot signal attenuator 21 B by 
applying a small voltage thereto (Step D2). 

Until the main signal detecting circuit 17C de- 
tects an input of the main signal as an input signal, 
the control unit 15C controls the variable phase 
shifter 24 and the variable attenuator 25 to carry 
out a cancelling control of the pilot signal, referring 
to detected information of the pilot signal supplied 
from the pilot signal cancel detector 28 (Step D3). 

Next, the switch SWa of the pilot signal control 
unit 36 is shorted (closed), while the switch SWb is 
opened, whereby an attenuation quantity of the 
pilot signal attenuator 21 B is gradually decreased 
according to a time constant of the first time- 
constant circuit 37 to input the pilot signal to the 
main amplifier 11 little by little up to a specified 
level (Step D4). 

When the main signal detecting circuit 17C 
detects an input signal (Step D5), the control circuit 
15C controls the variable phase shifter 19 and the 
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variable attenuator 20 to carry out the cancelling 
control of the main signal, referring to detected 
information of the main signal supplied form the 
main signal cancel detector 23 (Step D6). 

After that, the switch SWa' of the input signal 
control unit 33 is shorted (closed), while the switch 
SWb' is opened so as to gradually decrease an 
attenuation quantity of the input signal attenuator 
18 according to a time constant of the second 
time-constant circuit 34 up to a specified value, 
inputting the main signal to the main amplifier 1 1 
little by little (Step D7). 

When an attenuation quantity of the second 
time-constant circuit 34 reaches the specified val- 
ue, the cancelling control of the pilot signal and the 
main signal, that is a feed-forward control, is sue- 
cessively carried out, as same as the process at 
Steps G3 and C6 described hereinabove (Step D8). 

As a result, attenuation quantities of the pilot 
signal attenuator 21 and the input signal attenuator 
18 become minimum (referring to time H in FIGS. 
8A and 8C). However, the pilot signal and the main 
signal as an apparatus output are outputted in a 
stable state (referring to time H in FIGS. 8B and 
8D). Non-linear distortion components contained in 
the apparatus output are suppressed to a level 
sufficiently lower than a tolerable level (referring to 
time H in FIG. 8E). 

If the main signal is inputted during the pro- 
cess at Step D4, that is, before the cancelling 
control on the pilot signal is completed, a process 
at Step D6 and Step D7, that is, the feed-forward 
process, is initiated, not immediately but after com- 
pletion of the cancelling control of the pilot signal. 

In the feed-forward amplifier according to the 
fifth embodiment, it is possible to execute the 
attenuation control of the pilot signal immediately 
after a start-up of the power source. In conse- 
quence, the feed-forward amplifier of the fifth em- 
bodiment has an advantage, in addition to the 
advantages of the fourth embodiment, that it is 
possible to reduce a time period required from the 
signal input to a stable feed-forward control, since 
an operation of only the input signal attenuator 18 
is necessary when the signal is inputted. 

In the feed-forward amplifier according to the 
fifth embodiment, the pilot signal variable attenua- 
tor 21 B is positioned in a part on the side of the 
output of the pilot signal generator 12 branched 
from the main signal path in the front stage of the 
main amplifier 11. However, the present invention 
is not limited to the above example, it is possible to 
position the pilot signal variably attenuator 21 B in 
the main signal system as shown in FIG. 34. 
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(g) Others 

It is possible to apply the models according to 
the modifications of the first embodiment described 
before to each model according to the second 
through fifth embodiments. In. which case, the 
same effects are available. 

Clafms 
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A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation having a main amplifier (1) 
amplifying a main signal in a main signal path, 
a distortion extracting loop circuit (3) supplying 
a pilot signal fed from a pilot signal generator 
(2) to said main signal path and generating a 
main signal cancelling signal to cancel said 
main signal outputted from said main amplifier 
(1), and a distortion eliminating loop circuit (4) 
obtaining a signal in which components of said 
main signal in ah output of said main amplifier 
(1) have been cancelled on the basis of an 
output of said main amplifier (1) and said main 
signal cancelling signal fed from said distortion 
extracting loop circuit (3) in a rear stage of 
said main amplifier (1) and outputting the com- 
ponents of said main signal obtained from a 
signal in said main signal path in a rear stage 
of said main amplifier (1) using said signal in 
which the components of said main signal 

have been cancelled, said feed-forward am- 
plifier comprising: 

a pilot signal variably attenuating unit (5) 
attenuating said pilot signal supplied to said 
main signal path in a front stage of said main 
amplifier (1); 

a main signal variably attenuating unit (6) 
attenuating said main signal in said main signal 
path in said front stage of said main amplifier 

0); 

a power source start-up detecting means 
(8) detecting a start-up of a power source of 
said main amplifier (1 ); 

a main signal detecting means (9) detect- 
ing an input of said main signal; and 

a control unit (7) controlling said pilot sig- 
nal variably attenuating unit (5) so as to gradu- 
ally decrease an attenuation quantity of the 
pilot signal using results of detection by said 
power start-up detecting means (8) and said 
main signal detecting means (9) as timing in- 
formation after a start-up of said power source 
of said main amplifier (1 ), and controlling said 
pilot signal variably attenuating unit (6) so as to 
gradually decrease an attenuation quantity of 
the main signal after said pilot signal variably 
attenuating unit (5) has decreased an attenu- 
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ation quantity of the pilot signal. 

2. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- 5 
acterized in that said pilot signal variably at- 
tenuating unit (5) is disposed in said main 
signal path in the front stage of said main 
amplifier (1). 

10 

3. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1 , char- 
acterized in that said pilot signal variably at- 
tenuating unit (5) is disposed in a part on a 75 
side of an output of said pilot signal generator 

(2) branched from said main signal path in the 
front stage of said main amplifier (1). 

4. A feed-forward amplifier of a type preventing 20 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- 
acterized in that said control unit (7) com- 
prises: 

a pilot signal attenuation quantity control 25 
means controlling said pilot signal variably at- 
tenuating unit (5) so as to gradually decrease 
an attenuation quantity of the pilot signal when 
said power source start-up detecting . means (8) 
detects a start-up of said power source of said 30 
main amplifier (1) and said main signal detect- 
ing means (9) detects an input of the main 
signal; and 

. a main signal attenuation quantity control 
means controlling said main signal variably 35 
attenuating unit (6) so as to gradually decrease 
an attenuation quantity of the main signal after 
said pilot signal attenuation quantity control 
means has decreased an attenuation quantity 
of the pilot signal. 40 

. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- 
acterized in that said control unit (7) com- 45 
prises: 

a pilot signal attenuation quantity control 
means controlling said pilot signal variably at- 
tenuating unit (5) so as to gradually decrease 
an attenuation quantity of the pilot signal when 50 
said power source start-up detecting means (8) 
detects a start-up of said power source of said 
main amplifier (1); and 

a main signal attenuation quantity control 
means controlling said main signal variably 55 
attenuating unit (6) so as to gradually decrease 
an attenuation quantity of the main signal when 
said main signal detecting means (9) detects 

25 



an input of the main signal after said pilot 
signal attenuation quantity control means has 
initiated an operation to decrease an attenu- 
ation quantity of the pilot signal. 

6. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 5, char- 
acterized in that if said main signal detecting 
means (9) detects an input of the main signal 
before an attenuation quantity of the pilot sig- 
nal decreased by said pilot signal attenuation 
quantity control means drops below a pre- 
determined value, said main signal attenuation 
quantity control means controls said main sig- 
nal variably attenuating unit (6) so as to gradu- 
ally decrease an attenuation quantity of the 
main signal after the attenuation quantity of the 
pilot signal decreased by said pilot signal at- 
tenuation quantity control means has dropped 
below the predetermined value. 

7. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1 , char- 
acterized in that said power source start-up 
detecting means (8) is formed as a power-on 
reset circuit defecting a start-up of said power 
source of said main amplifier (1), said main 
signal detecting means (9) is formed as a main 
signal detecting circuit detecting an input of 
the main signal, and said control unit (7) com- 
prises: 

a pilot signal attenuation quantity control 
circuit having a first switch-type control circuit 
and a first time-constant circuit, said pilot sig- 
nal attenuation quantity control circuit control- 
ling said pilot signal variably attenuating unit 
(5) so as to gradually decrease an attenuation 
quantity of the pilot signal when said power-on 
reset circuit detects a start-up of said power 
source of said main amplifier (1) and said main 
signal detecting circuit detects an input of said 
main signal; and 

a main signal attenuation quantity control 
circuit having a second switch-type control cir- 
cuit and a second time-constant circuit, said 
main signal attenuation quantity control circuit 
controlling said main signal variably attenuating 
unit (6) so as to gradually decrease an attenu- 
ation quantity of the main signal after said pilot 
signal attenuation quantity control circuit has 
decreased an attenuation quantity of the pilot 
signal. 

8. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- 
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acterized in that said power source start-up 
detecting means (8) is formed as a power-on 
reset circuit detecting a start-up of said power 
source of said main amplifier (1), said main 
signal detecting means (9) is formed as a main 5 
signal detecting circuit detecting an input of 
the main signal, and said control unit (7) com- 
prises: 

a pilot signal attenuation quantity control 
circuit having a first switch-type control circuit w 
and a first time-constant circuit, said pilot sig- 
nal attenuation quantity control circuit control- 
ling said pilot signal variably attenuating unit 
. (5) so as to gradually decrease an attenuation 
quantity of the pilot signal when said power-on 75 
reset circuit detects a start-up of said power 
source of said main amplifier (1); and 

a main signal attenuation quantity control 
circuit having a second switch-type control cir- 
cuit and a second time-constant circuit, said 20 
main signal attenuation quantity control circuit 
controlling said main signal variably attenuating 
unit (6) to gradually decrease an attenuation 
quantity of the main signal when said main 
signal detecting circuit (9) detects an input of 25 
the main signal after said pilot signal attenu- 
ation quantity control circuit has initiated an 
operation to decrease an attenuation quantity 
~ of the pilot signal. 

30 

9. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 8, char- 
acterized in that if said main signal detecting 
circuit (9) detects an input of the main signal 35 
before an attenuation quantity of the pilot sig- 
nal decreased by said pilot signal attenuation 
quantity control circuit drops below a predeter- 
mined value, said main signal attenuation 
quantity control circuit controls said main sig- 40 
nal variably attenuating unit (6) so as to gradu- 
ally decrease an attenuation quantity of the 
main signal after the attenuation quantity of the 
pilot signal decreased by said pilot signal at- 
tenuation quantity control circuit has dropped 45 
below the predetermined value. 

10. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- so 
acterized in that said main signal detecting 
means (9) comprises: 

an input signal detecting means detecting 
an input signal to the front stage of said main 
amplifier (1): and 55 

a judging means judging an input of the 
main signal when the input signal detected by 
said input signal detecting means exceeds a 



first reference value set to a level smaller than 
a level of the input signal at the time of a 
minimum input. 

11. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- 
acterized in that said main signal detecting 
means (9) comprises: 

an output signal detecting means detects 
an output signal from a rear stage of said main 
amplifier: and 

a judging means judging an input of the 
main signal when the output signal detected by 
said output signal detecting means exceeds a 
second reference value set to a level smaller 
than a level of the output signal at the time of 
a minimum input. 

12. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 1, char- 
acterized in that said main signal detecting 
means (9) comprises: 

a main signal cancelling signal detecting 
means detects a main signal cancelling signal 
fed from said distortion extracting loop circuit 
(3); and 

a judging means judging an input of the 
main signal when the main signal cancelling 
signal detected by said main signal cancelling 
signal detecting means exceeds a third refer- 
ence value set to a level smaller than a signal 
cancelling marginal level at the time of a mini- 
mum input. 

13. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation having a main amplifier (1) 
amplifying a main signal in a main signal path, 
a distortion extracting loop circuit (3) supplying 
a pilot signal fed from a pilot signal generator 
(2) to said main signal path and generating a 
main signal cancelling signal to cancel said 
main signal outputted from said main amplifier 
(1), and a distortion eliminating loop circuit 
obtaining a signal in which components of said 
main signal in an output of said main amplifier 
(1) have been cancelled on the basis of an 
output of said main amplifier (1) and said main 
signal cancelling signal fed from said distortion 
extracting loop circuit (3) in a rear stage of 
said main amplifier (1) and outputting the com- 
ponents of said main signal obtained from a 
signal in said main signal path in a rear stage 
of said main amplifier (1) using said signal in 
which the components of said main signal 
have been cancelled, said feed-forward am- 
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plifter comprising: 

a pilot signal variably attenuating unit (5) 
attenuating said pilot signal supplied to said 
main signal path in a front stage of said main 
amplifier (1); 5 

a main signal variably attenuating unit (6) 
attenuating said main signal in said main signal 
path in said front stage of said main amplifier 

0); 

a power source start-up detecting means w 
(8) detecting a start-up of a power source of 
said main amplifier (1 ); 

a first main signal detecting means (103) 
having a main signal cancelling signal detect- 
ing means (101) detecting a main signal can- 75 
celling signal fed from said distortion extracting 
loop circuit (3) and a judging means (102) 
judging an input of the main signal when the 
main signal cancelling signal detected by said 
main signal cancelling signal detecting means 20 
(101) exceeds a fourth reference value set to a 
level smaller than a signal cancelling marginal 
level at the time of a minimum input; 

a second main signal detecting means 
(106) having an output signal detecting means 25 
(104) detecting an output signal from the rear 
stage of said main amplifier (1) and a judging 
means (105) judging an input of the main sig- 
nal when the output signal detected by said 
output signal detecting means (104) exceeds a 30 
fifth reference value set to a level smaller than 
aelevel of the output signal level at the time of 
a:«minimum input; 

an initial operation control unit (107) con- 
trolling said pilot signal variably attenuating 35 
unit (5) so as to gradually decrease an attenu- 
ation quantity of the pilot signal using results of 
detection by said power source rise detecting 
means (8) and said first main signal detecting 
means (103) as timing information after a start- 40 
up of said power source of said main amplifier 
(1), and controlling said main signal variably 
attenuating unit (6) so as to gradually decrease 
an attenuation quantity of the main signal after 
said pilot signal variably attenuating unit (5) 45 
has decreased the attenuation quantity of the 
pilot signal; and 

a main control unit (108) controlling said 
distortion extracting loop circuit (3) and said 
distortion eliminating circuit (4) on the basis of 50 
a result of detection by said second main 
signal detecting means (106) after a control by 
said initial operation control unit (107) while 
watching a failure condition of said main am- 
plifier (1). 55 

14. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in ah 



initial operation according to claim 13, char- 
acterized in that said feed-forward amplifier 
further comprises a failure alarming means 
outputting information that the main amplifier 

(1) is in trouble depending on results of detec- 
tion by said first main signal detecting means 
(103) and said second main signal detecting 
means (106) during a control by said main 
control unit (7). 

15. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation having a main amplifier (1 ) 
amplifying a main signal in a main signal path, 
a distortion extracting loop circuit (3) supplying 
a pilot signal fed from a pilot signal generator 

(2) to said main signal path and generating a 
main signal cancelling signal to cancel said 
main signal outputted from said main amplifier 
(1), and a distortion eliminating loop circuit (4) 
obtaining a signal in which components of said 
main signal in an output of said main amplifier 
(1) have been cancelled on the basis of an 
output of said main amplifier (1) and said main 
signal cancelling signal fed from said distortion 
extracting loop circuit (3) in a rear stage of 
said amplifier (11) and outputting the compo- 
nents of said main signal obtained from a 
signal in said main signal path in a rear stage 
of said main amplifier (1) using said signal in 
which the components of said main signal 
have been cancelled, which feed-forward am- 
plifier comprising: 

a pilot signal variably attenuating unit (5) 
attenuating said pilot signal supplied to said 
main signal path in a front stage of said main 
amplifier (1); 

a main signal variably attenuating unit (6) 
attenuating said main signal in said main signal 
path in said front stage of said main amplifier 
(1); 

a power source start-up detecting means 
(8) detecting a startup of a power source of 
said main amplifier (1); 

a third main signal detecting means (113) 
having a main signal cancelling signal detect- 
ing means (111) detecting a main signal can- 
celling signal fed from said distortion extracting 
loop circuit (3) and a judging means (112) 
judging an input of the main signal when the 
main signal cancelling signal detected by said 
main signal cancelling signal detecting means 
(111) exceeds a sixth reference value set to a 
level smaller than an initial operation level set 
larger than a signal cancelling marginal level at 
the time of a minimum input; 

a fourth main signal detecting means 
(1 1 6) having an output signal detecting means 
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(114) detecting an output signal from the rear 
stage of said main amplifier (1) and a judging 
means (115) judging an input of the main sig- 
nal when the output signal detected by said 
output signal detecting means (114) exceeds a 5 
seventh reference value set to a level smaller 
than a level of the output signal level at the 
time of the minimum input; 

an initial operation control unit (117) alter- 
ing a control setting mode in said distortion w 
extracting loop circuit (3) so that said initial 
operation level is a signal cancelling marginal 
level after said third main signal detecting 
means (113) has detects an input of the main 
signal with use of results of detection by said 15 
power source start-up detecting means (8) and 
said third main signal detecting means (113), 
under such condition, said initial operation con- 
trol unit (117) controlling said pilot signal vari- 
ably attenuating unit (5) so as to gradually 20 
decrease an attenuation quantity of the pilot 
signal, and controlling said main signal variably 
attenuating unit (6) so as to gradually decrease 
an attenuation quantity of the main signal after 
said pilot signal variably attenuating unit (5) 25 
has decreased the attenuation quantity of the 
pilot signal; and 

a main control unit (118) controlling said 
distortion extracting loop circuit (3) and said 
distortion eliminating loop circuit (4) on the 30 
basis of a result of detection by said fourth 
main signal detecting means (116) after a con- 
trol by said initial operation control unit (117), 
while watching a failure condition of said main 
amplifier (1). 35 

16. A feed-forward amplifier of a type preventing 
unwanted waves from being outputted in an 
initial operation according to claim 15, char- 
acterized in that said feed-forward amplifier 40 
further comprises: 

a fifth main signal detecting means having 
a main signal cancelling signal detecting 
. means detects a main signal cancelling signal 
fed from said distortion extracting loop circuit 45 
(3) and a judging means judging an input of 
the main signal when the main signal cancel- 
ling signal detected by said main signal can- 
celling signal detecting means exceeds an 
eighth reiference value set to a level smaller 50 
than the signal cancelling marginal, level at the 
time of the minimum input; and 

a failure alarming means outputting infor- 
mation that said main amplifier (1) is in trouble 
depending on results of detection by said 55 
fourth main signal detecting means (116) and 
said fifth main signal detecting means during a 
control by said main control unit (118). 
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